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CHAPTER 1 : INTRODUCTION 
1 
1.1. AIM OF STUDY. 
The aim o f t h i s s t u d y i s t o e s t a b l i s h , the 
c h a r a c t e r i s t i c s o f the burrows of Apodemus s y l v a t i c u s 
( f i e l d mouse) and C l e t h r i o n o m y s g l a r e o l u s (bank v o l e ) . 
The p o p u l a t i o n e c o l o g y of t h e s e r o d e n t s has been e x t e n s i v e l y 
i n v e s t i g a t e d , but t h e i r underground systems have been 
l a r g e l y n e g l e c t e d . 
1.2. REVIEW OF LITERATURE. 
The terms r e l a t i n g t o burrow s y s t e m s have n o t been 
s t a n d a r d i s e d . They a r e u s e d i n t h i s r e v i e w o f l i t e r a t u r e i n 
t h e s e n s e they a r e u s e d i n the o r i g i n a l t e x t s . The d e f i n i -
t i o n s o f the terms used by t h e a u t h o r i n the re m a i n d e r o f 
the p r e s e n t s t u d y a r e g i v e n i n s e c t i o n 1.3. 
The r e v i e w o f l i t e r a t u r e s e r v e s as a summary o f the 
p r e v i o u s work on burrow s y s t e m s . T h e r e f o r e c e r t a i n a s p e c t s 
s u c h as burrow m i c r o - c l i m a t e and the e f f e c t s of burrows 
on the s o i l a r e d e a l t w i t h i n the r e v i e w , b ut a r e not 
i n c l u d e d i n the programme f o r t h i s s t u d y . 
Apodemus s y l v a t i c u s i s m a i n l y a woodland s p e c i e s 
and i t s abundance i n t h i s woodland i s u n a f f e c t e d by the 
degree of ground c o v e r (Ashby 1 9 6 7 ) * B a r r e t t - H a m i l t o n (1910) 
s t a t e d t h a t some burrows made by t h i s s p e c i e s a r e c o n s t r u c t e d 
s o l e l y f o r the purpose o f b r e e d i n g ; b u t t h a t deeper and 
more permanent burrows, o f t e n w i t h food s t o r e s , may be 
used d u r i n g the w i n t e r . B a r r e t t - H a m i l t o n ( 1 9 1 0 ) a l s o 
r e p o r t e d t h a t s u c h food s t o r e s may be s h a r e d by a number 
of mice, and t h a t f o u r t e e n or f i f t e e n i n d i v i d u a l s may be 
found i n one burrow. Bolam (1912) s t a t e d t h a t a d u l t 
Apodemus may l i v e i n p a i r s and t h a t the young may r e s i d e 
w i t h t h e p a r e n t s a t l e a s t u n t i l t h e y become s e x u a l l y mature. 
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The n e s t , as r e p o r t e d by Walker (1964) and o t h e r s , i s 
n o r m a l l y l o c a t e d i n a chamber a t the end o f a burrow and 
i s c o n s t r u c t e d o f f i n e l y - s h r e d d e d g r a s s and l e a v e s . 
Brown (1966) s t a t e d f o r b o t h Apodemus and C l e t h r i o n o n i y s , 
t h a t an i n d i v i d u a l may use from f o u r to f i v e home s i t e s 
a t any one time, a l l of w h i c h a r e v i s i t e d a t regular 
i n t e r v a l s and c l e a n e d out. Brown ( 1 9 6 6 ) a l s o s t a t e d t h a t 
burrows may be v a c a t e d f o r a p e r i o d and be r e - o c c u p i e d by 
a l a t e r g e n e r a t i o n . Ashby (l967)» w o r k i n g i n H o u g h a l l Wood, 
Durham, found some e v i d e n c e t h a t Apodemus t e n d s t o a v o i d 
the w e t t e r a r e a s o f t h i s wood. I t had p r e v i o u s l y been 
r e p o r t e d t h a t a r e a s o f heavy c l a y a r e a v o i d e d ( E l t o n e t a l . 
1 931)f and a l t h o u g h C r a w l e y (1965) found Apodemus o c c u p y i n g 
p a r t s o f C a s t l e Eden Dene, Durham, where t h e r e i s a h e a v y 
c l a y s o i l , i t would appear t h a t t h i s s p e c i e s has a d e f i n i t e 
p r e f e r e n c e f o r the l i g h t e r , w e l l - d r a i n e d t y p e s s u c h as 
g r a v e l , sand and t h e c a l c a r e o u s s o i l s . 
C l e t h r i o n o m y s g l a r e o l u s i s n o r m a l l y found i n woodland 
and hedgebank h a b i t a t s , but i n c o n t r a s t t o Apodemus, i s 
m a i n l y r e s t r i c t e d to a r e a s where the ground c o v e r i s d ense. 
B a r r e t t - H a m i l t o n ( 1910) s t a t e d t h a t C l e t h r i o n o m y s c o n s t r u c t s 
a c o m p l i c a t e d s e r i e s o f s h a l l o w g a l l e r i e s p a r t i a l l y below 
the ground. The t u n n e l s c o n c e r n e d a r e of i r r e g u l a r d i a m e t e r 
w i t h numerous openings, b l i n d t e r m i n a l s and e n l a r g e d 
chambers, and may extend f o r a c o n s i d e r a b l e d i s t a n c e . He 
s u g g e s t e d t h a t t h e i r main f u n c t i o n i s i n t e r c o m m u n i c a t i o n 
(presumably between p a t c h e s of ground c o v e r ) a s the r e m a i n s 
o f n e s t s o r food a r e o f t e n l a c k i n g . The n e s t o f C l e t h r i o n o m y s 
i s made of f i n e g r a s s l i n e d w i t h moss or f e a t h e r s , a n d he 
r e c o r d e d t h a t i t i s o f t e n b u i l t above ground i n hedgerows. 
The main f u n c t i o n o f underground t u n n e l s may be to 
p r o v i d e maximum p r o t e c t i o n from p r e d a t o r s and the a b i o t i c 
environment. The T u l a r e Kangaroo r a t ( P i t c h 1948) c o n s t r u c t s 
e n t r a n c e s w h i c h a r e c o n s i d e r a b l y w i d e r t h a n the body. T h i s 
p e r m i t s the a n i m a l to t u r n round and make a r a p i d e s c a p e 
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from danger. Many o f t h e i r t u n n e l s end i n c u l - d e - s a c s , 
some o f w h i c h come t o w i t h i n about one i n c h of the s u r f a c e . 
T h i s c r u s t o f e a r t h c a n be broken to make an emergency 
e x i t i f an i n d i v i d u a l i s p u r s u e d i n i t s burrow by a 
p r e d a t o r . Kootcherook (1960) s t a t e d t h a t the chambers and 
n e s t s of t h e R u s s i a n Steppe a n i m a l s a r e c o n s t r u c t e d a t 
the d e pth below the ground s u r f a c e g i v i n g t h e most 
f a v o u r a b l e t e m p e r a t u r e c o n d i t i o n s . He added t h a t s t e p p e 
r o d e n t s a r e known to r e d u c e a i r c i r c u l a t i o n i n t h e i r 
burrow systems by b l o c k i n g e n t r a n c e h o l e s , and to co n g r e g a t e 
i n w i n t e r f o r t h e r m o r e g u l a t i o n . G o r e c k i ( 1 9 6 8 ) s t a t e d t h a t 
most o f the d i u r n a l c y c l e o f C l e t h r i o n o m y s g l a r e o l u s i s 
spent i n groups i n n e s t s w h i c h f u n c t i o n as w e l l - i n s u l a t e d 
t h e r m o s t a t s ; and found t h a t v o l e s k ept i n groups of two 
to f o u r a n i m a l s lower t h e i r m e t a b o l i c r a t e by 13$• 
O l s z e w s k i (1963) i n v e s t i g a t e d the a i r f l o w i n mole burrows, 
and i n a l l t h e systems s t u d i e d a i r c u r r e n t s were r e c o r d e d 
i n t h e main t u n n e l s , but not i n t h e chambers where t h e 
young a r e b o r n . 
The e f f e c t o f burrows on t h e s o i l may be e x t e n s i v e . 
T a y l o r ( 1935) s t a t e d t h a t animal p r o d u c t s s u c h a s h a i r 
and e x c r e t a , and a t d e a t h the whole body, w i l l be added 
to t h e s o i l a l o n g w i t h the r e m a i n s o f n e s t s and food 
s t o r e s , w h i c h r e s u l t s i n t h e s o i l b e i n g e n r i c h e d . Xn 
a d d i t i o n t h e burrows can r e d u c e r u n - o f f o f s u r f a c e w a t e r 
a f t e r r a i n and t h e r e f o r e slow down e r o s i o n o f s l o p i n g 
ground. The s o i l l a y e r may even be i n c r e a s e d i n depth 
by the movement o f s o i l and w a t e r down the t u n n e l s . 
Fonnozov and Kodachova (1960) s t a t e d t h a t burrow systems 
dug by aiarmots extend to a d e p t h o f 5«i on the R u s s i a n and 
S i b e r i a n S t e p p e s . . G r a s s i s brought i n t o t h e i r t u n n e l s 
and t h e y have underground l a t r i n e s . E a c h marmot b r i n g s 
up 0.1 t o 0.2 m3 of s u b s o i l p e r y e a r w h i c h forms mounds 
r i c h i n c a r b o n a t e s . These mounds tend to t r a p snow w h i c h 
k 
m o i s t e n s t h e s o i l and makes them s u i t a b l e f o r t r e e growth. 
I n s e m i - d e s e r t a r e a s t h e y b r i n g up s a l t and the mounds 
become c o v e r e d i n h a l o p h y t i c v e g e t a t i o n . I n a r e a s not 
a f f e c t e d by human c u l t i v a t i o n t h e d e n s i t y of ground 
s q u i r r e l s (marmots and s o u s l i k s ) i s a p p r o x i m a t e l y 160 p e r 
h e c t a r e . S o u s l i k burrows c o v e r up to 10$ o f the ground 
i n the s e m i - d e s e r t C a s p i a n P l a i n , and t h e y encourage t h e 
growth o f bushes and a n n u a l s . Popova (1962) r e c o r d e d 
t h a t m o i s t e n i n g o f the s o i l to a c o n s i d e r a b l e depth b e n e a t h 
s m a l l mammal burrow systems o c c u r r e d d u r i n g r a i n y p e r i o d s , 
and t h a t r a p i d d r y i n g o f the s o i l a l o n g t h e s e systems 
o c c u r r e d d u r i n g p e r i o d s o f d r y w e a t h e r . The amount o f 
s o i l m o i s t u r e a l s o depended on the c h a r a c t e r o f the burrow 
system and the p e r m e a b i l i t y of the s o i l . S t a r k (1963) 
found t h a t the l o c a t i o n of t h e n e s t s o f the C a l i f o r n i a n 
v o l e ( M i c r o t u s c a l i f o r n i c u s ) depended on s o i l m o i s t u r e . 
They would c o n s t r u c t n e s t s underground i n burrows i f the 
s o i l was s u f f i c i e n t l y l o o s e and d r y , but t h e y seldom 
burrowed i n c l a y s o i l s , o r t h o s e t h a t were compacted or 
v e r y m o i s t . 
F i t c h (1948) showed f o r the Kangaroo r a t t h a t the 
number o f open h o l e s depended on the s o i l t y p e and on 
the p o p u l a t i o n l e v e l s o f p r e c e d i n g y e a r s . Thus the 
p o p u l a t i o n d e n s i t y i n a l o c a l i t y a t any g i v e n time c o u l d 
not be e s t i m a t e d a c c u r a t e l y from the number o f h o l e s 
p r e s e n t , a l t h o u g h t h e number o f h o l e s may p r o v i d e an 
i n d i c a t i o n o f r o d e n t abundance o v e r s e v e r a l y e a r s . 
S e v e r a l methods have been d e s c r i b e d f o r e s t a b l i s h i n g 
whether o r not burrows a r e o c c u p i e d . Mayer (1957) u s e d 
paper smoked by a benzene lamp t o determine occupancy o f 
burrow s y s t e m s by ground s q u i r r e l s . The paper was r o l l e d 
i n t o a c y l i n d e r and i n s e r t e d i n the burrow e n t r a n c e . 
Brown (1966) u s e d t r a c k i n g r o l l s to e s t a b l i s h home r a n g e . 
The r o l l s were made of a c a r d b o a r d c y l i n d e r l i n e d w i t h 
s t i f f aluminium f o i l w h i c h was c o a t e d w i t h s i l i c o n e as 
CHAPTER 2 : METHODS 
( i ) " N o n - r e s i d e n t i a l t u n n e l s ystem". An underground 
r u n ( s e e d e f i n i t i o n b e l o w ) c o n n e c t e d to the s u r f a c e 
by a minimum of two h o l e s and w h i c h has a t l e a s t 60 cm 
of t u n n e l , or a l t e r n a t i v e l y , i f t h e r e i s o n l y one 
e n t r a n c e h o l e , the l e n g t h o f t u n n e l must be a t l e a s t 
150 cm. 
( i i ) " R e s i d e n t i a l t u n n e l s y s t e m " . A t u n n e l s y s t e m h a v i n g 
a minimum o f two h o l e s , w i t h a t l e a s t one chamber 
which c o u l d be u s e d as a n e s t s i t e , and w i t h a 
t u n n e l l e n g t h i n e x c e s s o f 150 cm. A "chamber" i s 
t h a t p a r t o f a t u n n e l h a v i n g a d i a m e t e r a t l e a s t 
t w i c e the mean w i d t h o f t h e t u n n e l . A chamber may 
be u s e d e i t h e r to s t o r e food o r as a n e s t i n g s i t e . 
i i i ) "Other t u n n e l s " . A l l o t h e r t u n n e l s w h i c h a r e s h o r t e r 
t h a n 60 cm, and t h o s e between 60 cm and 150 cm l o n g 
w h i c h have o n l y one e n t r a n c e h o l e . 
A "run" r e f e r s t o a " l i t t e r r u n " w h i c h i s a r u n 
c o n s t r u c t e d i n t h e l i t t e r l a y e r ; an "underground r u n " i s 
synonymous w i t h " t u n n e l " and "underground p a s s a g e " . 
A b s o l u t e d e n s i t i e s , as opposed to i n d i c e s of d e n s i t y 
of s m a l l r o d e n t s , are d i f f i c u l t to d e t e r m i n e e x c e p t by 
f e n c i n g an a r e a and t r a p p i n g i t out. However, Ashby (1967) 
b e l i e v e d t h a t he was a b l e to o b t a i n approximate e s t i m a t e s 
o f the a b s o l u t e d e n s i t i e s i n the v a r i o u s p a r t s of H o u g h a l l 
Wood he s t u d i e d , by the a n a l y s i s o f the r e s u l t s of a 
s t a n d a r d t r a p p i n g t e c h n i q u e employed over a p e r i o d of 
s e v e r a l y e a r s . With r e f e r e n c e i n the p r e s e n t t e x t t o t h e 
d e n s i t y l e v e l s h e e s t i m a t e d , a v a l u e i n e x c e s s o f about 
f i f t y p e r h e c t a r e i s r e f e r r e d to as h i g h , between t w e l v e 
and f i f t y moderate, and below t w e l v e p e r h e c t a r e as low. 
7. 
2.1. INTRODUCTION TO THE STUDY AREA. 
( a ) L o c a t i o n and d e s c r i p t i o n o f H o u g h a l l Wood. 
The s t u d y was c a r r i e d out i n the s o u t h e r n end of 
H o u g h a l l Wood which i s s i t u a t e d on s l o p i n g ground 
o v e r l o o k i n g the R i v e r Wear f l o o d p l a i n about one 
m i l e s o u t h of Durham C i t y . The f o l l o w i n g t y p e s o f 
v e g e t a t i o n a l c o v e r predominate i n v a r i o u s p a r t s o f 
t h i s a r e a , namely oak woodland, sycamore w i t h some 
b e e c h and b i r c h , and b i r c h woodland. The ground 
v e g e t a t i o n d i f f e r s a c c o r d i n g to the n a t u r e o f the 
canopy. The s o i l i s b o u l d e r c l a y c o n t a i n i n g v a r i a b l e 
but s u b s t a n t i a l p r o p o r t i o n s of f i n e sand, the p r e s e n c e 
of w h i c h i s due to d i f f e r e n t i a l r e s o r t i n g o f t h e g l a c i a l 
d e p o s i t s by w a t e r . 
( b ) S e l e c t i o n of e x c a v a t i o n s i t e s and the abundance o f 
r o d e n t s on the s i t e s . 
For the purpose o f t h i s s t u d y , i t i s more r e l e v a n t 
to c o n s i d e r t h e l o n g - t e r m t r a p p i n g r e c o r d s of the 
a r e a s c o n c e r n e d a s i n d i c e s o f the p o p u l a t i o n d e n s i t i e s 
o f the two s p e c i e s s t u d i e d , t h a n t h e t r a p p i n g r e s u l t s 
o b t a i n e d s h o r t l y b e f o r e e x c a v a t i o n s were u n d e r t a k e n , 
s i n c e a t l e a s t the deeper t u n n e l s l a s t f o r many y e a r s . 
The need t o use lon g - t e r m r e c o r d s a p p l i e s p a r t i c u l a r l y 
t o Apodemus b e c a u s e i t s numbers a r e known t o f l u c t u a t e 
a s y n c h r o n o u s l y i n v a r i o u s p a r t s o f H o u g h a l l Wood from 
y e a r to y e a r (Ashby 1 9 6 7 ) * 
Where p o s s i b l e , t h e r e f o r e , the e x c a v a t i o n s i t e s were 
s i t u a t e d w i t h i n o r j u s t o u t s i d e the t h r e e t r a p t r a n s e c t 
l i n e s l a i d down by Ashby ( s e e F i g . l ) , so t h a t u s e c o u l d 
be made o f h i s t r a p p i n g r e s u l t s from 195^ onwards 
( s e e T a b l e 9 ) . 
8. 
F i v e s i t e s (denoted by Roman n u m e r a l s ) o f d i f f e r i n g 
c h a r a c t e r i s t i c s were e x c a v a t e d . S i t e s I and 11, 
each 25m^, were the major s i t e s u s e d f o r comparison 
and were chosen so as to show the maximum d i s p a r i t y 
i n tiie r e l a t i v e abundance of Apodemus and C l e t h r i o n o m y s . 
I t was p o s s i b l e , as i n t h e c a s e o f S i t e I I , to s e l e c t 
an a r e a almost e x c l u s i v e l y o c c u p i e d by Apodemus, as 
the abundance o f C l e t h r i o n o i n y s i s dependent on t h e 
d e n s i t y o f ground c o v e r . T h i s a n i m a l v e r y r a r e l y 
v i s i t s a r e a s s u c h as s i t e I X where t h e c o v e r i s s l i g h t . 
S i t e I I was p o s i t i o n e d c l o s e to t h e upper h a l f of 
t r a n s e c t 2 used by Ashby ( 1 9 6 7 ) , ( s e e T a b l e 9 and 
F i g l ) and the d e n s i t i e s o f r o d e n t s i n the two a r e a s 
may be presumed to be the same. But s i n c e the 
d i s t r i b u t i o n of Apodemus i s u n a f f e c t e d by the d e n s i t y 
o f c o v e r , and t h i s a n i m a l i s v e r y much more n e a r l y 
u n i f o r m l y d i s t r i b u t e d i n the woodland s t u d i e d , i t 
was n o t p o s s i b l e to s e l e c t an a r e a i n h a b i t e d o n l y 
by C l e t h r i o n o m y s . T h e r e f o r e S i t e I was l o c a t e d i n 
an a r e a o f dense ground c o v e r where C l e t h r i o n o m y s 
would be abundant, b u t the Apodemus l e v e l would be 
o f the same o r d e r as on S i t e I I . No a r e a w i t h s u f f i -
c i e n t l y dense c o v e r was a v a i l a b l e f o r e x c a v a t i o n n e a r 
Ashby's t r a n s e c t s , so a s i t e w h i c h was a p p r o x i m a t e l y 
100m from h i s t r a n s e c t 3 was s e l e c t e d ( s e e F i g . l ) . 
Ashby's r e l a t i v e d e n s i t y f i g u r e s f o r the two s p e c i e s 
f o r a r e a s o f dense c o v e r c o u l d be presumed to a p p l y 
to t h i s s i t e , b u t i n o r d e r t o p r o v i d e c o n f i r m a t o r y 
e v i d e n c e , the abundance o f r o d e n t s i n the a r e a o f 
S i t e I was e s t i m a t e d by l i v e - t r a p p i n g . T h i s was 
c a r r i e d out i m m e d i a t e l y b e f o r e e x c a v a t i o n u s i n g 
Longworth l i v e t r a p s as i n Ashby's s t a n d a r d method 
d e s c r i b e d i n s e c t i o n 2.2. The t r a p p i n g r e s u l t s shown 
i n s e c t i o n 3 . 1 ( a ) c o n f i r m t h a t t h e r e was i n f a c t a 
h i g h p o p u l a t i o n o f C l e t h r i o n o m y s . 
FIG. l r PI.AX OF II OUCH ALL WOOD SHOEING POSITIONS OP TRAPPr\G 
TRANSACTS 1 TO 3 (ASHBY, 1967) AND EXCAVATION* 
SITI'S T TO V 
Key: 1,2,3 - P o s i t i o n s of t r a p p i n g t r a n s a c t s used by 
Ashby ( I S 6 7 ) . 
• - P o s i t i o n s of e x c a v a t i o n S i t e s I-V i n p r e s e n t 
s t ud y . 
.^--University S c i e n c e L a b o r a t o r i e s 
' I I - U n i v e r s i t y H a l l s o f R e s i d e n c e 
A - L ' n i v o r s i t y S c h o o l o f A g r i c u l t u r e 
F - U n i v e r s i t y Farm 
J • •,| - H o u g h a l l Wood 
S i t e s I I I t o V were s m a l l e r a r e a s e ach o f 9m* which 
were s e l e c t e d f o r e x c a v a t i o n w i t h i n Ashby's t r a n s e c t s , 
t h a t i s between h i s two t r a p p i n g l i n e s , w i t h a v i e w 
t o a m p l i f y i n g t h e r e s u l t s o b t a i n e d on t h e main 
e x c a v a t i o n s i t e s . R e f e r e n c e t o h i s p r e v i o u s t r a p p i n g 
( T a b l e 9) shows t h a t t h e o n l y p a r t o f t h e a r e a he 
s t u d i e d where the mean d e n s i t y o f Apodemus was 
s i g n i f i c a n t l y below t h a t e l s e w h e r e , was the lower 
h a l f o f h i s t r a n s e c t 3. T h i s h a l f t r a n s e c t was i n 
a h o l l o w w h i c h tends to have a h i g h w a t e r t a b l e : 
t h e r e was l i t t l e v e g e t a t i o n a l c o v e r so the C I e t h r i o n o m y s 
p o p u l a t i o n was a l s o low. I t was t h e r e f o r e chosen as 
one of t h e s e a r e a s and i s r e f e r r e d t o as S i t e I V . A 
f u r t h e r a r e a was l o c a t e d w i t h i n t h e upper h a l f o f h i s 
t r a n s e c t 3» w h i c h had a moderate p o p u l a t i o n of b o t h 
C l e t h r i o n o m y s and Apodemus and i s r e f e r r e d t o as 
S i t e I I I . F i n a l l y , S i t e V was s i t u a t e d w i t h i n t h e 
l o w e r h a l f o f h i s t r a n s e c t 1, w h i c h s i n c e 195^ h a s bad 
a h i g h d e n s i t y of C l e thrionomys and might be e x p e c t e d 
t o have a p a t t e r n o f burrow systems w i t h the same 
c h a r a c t e r i s t i c s as S i t e I . The abundance o f r o d e n t s 
i n a l l the s i t e s i s summarised w i t h t h e s l o p e and 
a s p e c t i n T a b l e 1, and the p o s i t i o n s of the e x c a v a t i o n 
s i t e s i n r e l a t i o n t o Ashby's t r a p p i n g t r a n s e c t s 
a r e shown i n F i g . l . 
.10. 
TABLE 1 
THE SLOPE AND ASPECT OF THE S I T E S AND THE 
ABUNDANCE OF CLETHRIONOMYS AND APODEMUS 
S i t e S l o p e 
Rodent Abundance 
As p e c t Apodemus C l e thrionornys 
I 10° N.E. Moderate High 
I I 12° E.N.E. Moderate V e r y low t o 
a b s e n t 
I I I 25° E . Moderate Moderate 
I V 3° E . Low Low 
V 25° E.W.E. Moderate High 
11. 
2.2 ESTIMATION OF THE ABUNDANCE OF APODEMUS AND CLETHRIONOMYS 
ON S I T E I BY TRAPPING. 
The t e c h n i q u e u s e d i n t h i s s t u d y to o b t a i n an e s t i m a t e 
o f the rodent abundance on s i t e I i s the same as t h a t used 
f o r f i f t e e n y e a r s by Ashby ( 1 9 6 7 ) . The r e l i a b i l i t y o f the 
s i z e o f samples o b t a i n e d by t h i s s t a n d a r d method as i n d i c e s 
o f t h e abundance of Apodemus and C l e t h r i o n o m y s was t e s t e d 
by Ashby u s i n g the a n a l y s i s of v a r i a n c e ( d e s c r i b e d i n 
Ashby 1967! 4 1 4 - 4 1 9 ) . He showed t h a t the mean r e c a p t u r e 
p r o p o r t i o n s of the two s p e c i e s i n sample s i z e s o f many 
hundreds were almost i d e n t i c a l , and t h a t f o r p r a c t i c a l 
p u r p o s e s the a r e a sampled c o u l d a l s o be assumed to be t h e 
same f o r b o t h s p e c i e s . F u r t h e r , the a n a l y s i s of v a r i a n c e 
i n d i c a t e d t h a t v a r i a t i o n s i n the r e c a p t u r e p r o p o r t i o n s w i t h 
s e a s o n and y e a r d i d not exceed the l e v e l to be a n t i c i p a t e d 
on account o f random v a r i a b i l i t y . T h e r e f o r e , the sample 
s i z e s p r o v i d e d i n d i c e s o f p o p u l a t i o n d e n s i t y d i r e c t l y 
w i t h o u t the L i n c o l n I n d e x c a l c u l a t i o n b e i n g a p p l i e d , and t h e 
r e l a t i v e p r o p o r t i o n s o f the two s p e c i e s c a p t u r e d approximated 
to t h e i r r e l a t i v e abundance i n the p o p u l a t i o n . 
The s t a n d a r d t r a p p i n g method as u s e d by Ashby, and i n 
t h i s s t u d y on S i t e l , i s a s f o l l o w s . Two l i n e s o f Longworth 
l i v e t r a p s ( C h i t t y and Kempson, 194-9) were p l a c e d n i n e m e tres 
a p a r t , w i t h t r a p s t a t i o n s a t i n t e r v a l s o f s i x metres a l o n g 
each l i n e . Two t r a p s f a c i n g t h e m i d - l i n e o f t h e t r a n s e c t 
were p l a c e d a t each s t a t i o n . The catchment a r e a i s a p p r o x i -
m a t e l y 0.4 h e c t a r e (Ashby, 1 9 6 7 ) * T h i s catchment, i n 
a d d i t i o n to the a r e a w i t h i n t h e t r a p t r a n s e c t , c o n s i s t s o f 
the p e r i p h e r y e x t e n d i n g beyond t h e rows of t r a p s by a 
d i s t a n c e e q u a l to t h e mean home range (23m) o f the i n d i v i d u a l s 
i n the p o p u l a t i o n . The t r a p s were p r e - b a i t e d f o r two days 
w i t h g r a i n , s e t on the morning o f the t h i r d day, and were 
v i s i t e d t w i c e d a i l y f o r t h e n e x t two d a y s . A second c a p t u r e 
o f an i n d i v i d u a l w i t h i n each o f the p e r i o d s o f 24 ho u r s was 
i g n o r e d . 
D e t a i l s of the v e g e t a t i o n on t h e s i t e s , r e c o r d e d 
p r i o r to e x c a v a t i o n , a r e summarised i n T a b l e 2, and 
t h e d a t a o b t a i n e d from s o i l p r o f i l e s dug c l o s e to each 
s i t e a r e g i v e n i n T a b l e s 3 to 7» 
C o n s i d e r a t i o n was g i v e n as to whether, i n s t e a d of 
c h o o s i n g a r e a s of the s i z e d e s c r i b e d , i n d i v i d u a l s q u a r e 
metres s h o u l d have been t a k e n a t random throughout the 
wood. T h i s would have s i m p l i f i e d s t a t i s t i c a l a n a l y s i s 
o f the r e s u l t s i n some r e s p e c t s , b u t the e x t e n t o f some 
of the t u n n e l s making up the " r e s i d e n t i a l " and "non-
r e s i d e n t i a l " t u n n e l systems was s u c h as t o make d e t e r m i n a -
t i o n of t h e i r l e n g t h and o t h e r p h y s i c a l c h a r a c t e r i s t i c s 
i m p o s s i b l e from s u c h s m a l l a r e a s . 
TABLE 2 13. 
COMPARISON OF THE VEGETATION AT THE EXCAVATION 
SITES GIVING COVER ABDUNDANCE VALUES (AUGUST 1969) 
Species S i t e 
I 11 I I I IV V 
Herbs 
Pteridium aauilinum 5 3 + 2 
Rubus f r u t i c o s u s 3 1 2 
Holcus m o l l i s l 2 3 
Deschampsia f l e x u o s a 2 + + 
Endymnion non-scriptus 3 
Milium effusum 1 3 
Lo n i c e r a pericylymenum 2 l 
D ryopteris dilatatum + 2 
Epilobium angustifolium + 2 
Vaccinium m y r t i l u s 5 
O x a l i s a c e t o s e l l a 5 
Hedera h e l i x 3 
Polypodium vulgare + 
Trees 
Acer pseudoplatanus 3 k 3 
L a r i x sp. 5 + 
Fagus s y l v a t i c u s 4 5 
Quercus petraea 3 5 
B e t u i a pubescens 3 + + 
Sambucus n i g r a 
1 
+ 
Key: + Sparse, very low cover. 
1. Common, small cover. 
2. E i t h e r 5-25% cover or cover low, but high numbers. 
3<«25-50%» any number of i n d i v i d u a l s . 
4.50-75%, any number of i n d i v i d u a l s . 
5-75-100%, any number of i n d i v i d u a l s . 
TABLE 3 













(cm) D e s c r i p t i o n 
Ao 0 9 9 F r i a b l e . Larch needles 
Al 9 16 7 Good crumb s t r u c t u r e 
A2 16 36 20 Sandy loam. Some i r o n 
mottling. 
B l 36 - Well-drained loam 
TABLE k 












(cm) D e s c r i p t i o n 
Ao 0 8 8 Wet mat of beech and 
sycamore l e a v e s . L i t t l e 
decomposition. 
Al 8 10 2 F r i a b l e . 
A2 10 35 25 S l i g h t p o d s o l i s a t i o n 
B l 35 
i i 
- - Poorly-drained loam 
15. 
TABLE 5_ 













s D e s c r i p t i o n 
Ao 0 3.5 3-5 
i 
Loose oak-leaf mould, 
Al 3.5 8.5 5 B l a c k i s h s o i l , poor crumb s t r u c t u r e . 
A2 8.5 34 25.5 Sandy s o i l , some humic m a t e r i a l . 
B l 34 - - Sandy loam, some i r o n mottling. 
TABLE 6. 














s D e s c r i p t i o n 
Ao 0 7.5 7-5 Moist, matted sycamore, 
b i r c h and beech l e a v e s . 
Al 7-5 15 7.5 Black mor s o i l , 
A2 15 45 30 Sandy loam, some i r o n mottling„ 
B l h5 - - Unctuous, heavy loam. 
16. 
TABLE 2 













3S D e s c r i p t i o n 
Ao 0 10 10 F r i a b l e . Larch needles. 
Al 10 17.5 7.5 Loose, m u l l - l i k e s o i l . 
Good crumb s t r u c t u r e . 
A2 17.5 27-5 10 Sandy loam, some i r o n 
mottling. 
A3 27.5 42.5 15 S l i g h t p o d s o l i s a t i o n . 
B l 42.5 - - Heavy loam. Signs of 
le a c h i n g . 
17. 
2.3 ESTABLISHING OCCUPATION OF BURROWS ON SITE I . 
The entrance holes on S i t e I were l o c a t e d , and then an 
attempt was made to e s t a b l i s h occupancy of the burrows by 
using Longworth t r a p s , t r a c k i n g r o l l s and d i r e c t observation. 
(a) Trapping. 
S i t e 1 was i n i t i a l l y examined f o r obvious entrance 
h o l e s . The l i t t e r l a y e r was not d i s t u r b e d so that 
any entrances temporarily blocked or concealed by 
leaves were not revealed at that stage. Longworth 
traps were placed adjacent to each hole, s e t and 
b a i t e d with g r a i n . They were inspected the following 
morning and the captured animals were marked, recorded 
and r e l e a s e d . The traps were r e - s e t and v i s i t e d again 
2k hours l a t e r . Cleminson (personal communication) 
used t h i s technique and assumed that any i n d i v i d u a l 
trapped had been r e s i d e n t i n the tunnel adjacent to 
the t r a p . However the r e s u l t s obtained i n t h i s study 
and presented i n s e c t i o n 3«2(a), suggest that t h i s 
method may not be very r e l i a b l e . 
(b) Ob s e r v a t i o n of movement a f t e r r e l e a s e . 
I n i t i a l l y , any i n d i v i d u a l trapped at an entrance hole 
was r e l e a s e d d i r e c t l y a f t e r being examined and i t s 
movements observed. The r e s u l t s , which are described 
i n s e c t i o n 3.2(b), suggested that more r e l i a b l e 
r e s u l t s would be obtained by r e t u r n i n g the captured 
i n d i v i d u a l to the trap f o r f i v e minutes a f t e r exami-
nation to allow i t to become l e s s e x c i t e d . When the 
trap door was re-opened the animal could leave the 
trap when i t chose to do so. Observation on animals 




Tracking r o l l s were made of waterproof paper which, was 
coated with s i l i c o n e , dusted with french chalk and 
r o l l e d into c y l i n d e r s . A r o l l was i n s e r t e d into each 
entrance hole so that i t could only be marked by 
animals e i t h e r entering or l e a v i n g the burrow system. 
Since most tunnels sloped s t e e p l y away from the 
entrance h o l e s , the r o l l s were often pitched at a 
steep angle and i n some cases were placed v e r t i c a l l y . 
Consequently the p r i n t s obtained were a s e r i e s of 
short, f i n e s c r a t c h e s produced by the animals' claws 
running from one end of the c y l i n d e r to the other, 
and i t was not p o s s i b l e to d i f f e r e n t i a t e the t r a c k s 
of the two s p e c i e s . The l a s t column of Table 28 
i n d i c a t e s which of holes 1 to 53 were v i s i t e d over 
a period of three days. I t can be seen that 31 of 
the holes were to some degree used over t h i s period. 
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2.4 EXCAVATION. 
(a) Excavation technique. 
The boundary of each s i t e was marked by pegs placed 
one metre apart. Before excavation began the super-
f i c i a l v e g e tation was cut down to w i t h i n about one cm 
of the ground s u r f a c e . The l i t t e r was examined f o r 
concealed entrance holes and l i t t e r runs, and i f any 
of the l a t t e r were found they were followed and 
recorded before digging commenced. 
To prevent damage to l i t t e r runs and shallow tunnels, 
care was taken to avoid treading o r kneel i n g on unstudied 
ground. For t h i s reason the i n v e s t i g a t i o n of a new 
s i t e was always begun along the lower border and 
continued up the slope. Two or three square metres 
were c l e a r e d of veg e t a t i o n at a time. The l i t t e r runs 
were followed and tunnel systems excavated before 
a t t e n t i o n was t r a n s f e r r e d to a new part of the s i t e . 
I n t h i s way a c c i d e n t a l d e s t r u c t i o n of the burrows was 
minimised. 
The l i t t e r runs were followed by l i f t i n g the l i t t e r 
w ith the f i n g e r s and turning i t to one s i d e . Care had 
to be taken to avoid producing new "runs" while f o l l o w i n g 
t h e i r course, as the f i n g e r s could e a s i l y be pushed 
through t h e i r w a l l s . On removal of the complete l i t t e r 
l a y e r the course of the runs could often be seen as 
depressions i n the sur f a c e of the mineral s o i l , which 
provided confirmation i n doubtful c a s e s . 
The excavation of tunnels i n the s o i l was begun at an 
entrance hole. The d i r e c t i o n of the tunnel was a s c e r -
tained, and the tunnel roof supported by the f i n g e r s 
while a v e r t i c a l s e c t i o n was made with a trowel. T h i s 
allowed the s o i l to be l i f t e d out without d e b r i s f a l l i n g 
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i n t o the tunnel. I t was p a r t i c u l a r l y important to prevent 
Uiis Aflhen the passage sloped s t e e p l y , as under these 
circumstances i t was l i a b l e to get blocked. When the 
excavation of one s e c t i o n had been completed, the 
d i r e c t i o n of the next s e c t i o n was a s c e r t a i n e d and the 
s o i l removed as before, the p o s i t i o n of any s i d e 
passages being marked by pegs. 
I t was found that the deeper tunnels were often crossed 
by more s u p e r f i c i a l ones. To avoid destroying the 
l a t t e r , digging was not c a r r i e d out on those s e c t i o n s 
of tunnel that exceeded a depth of 15cm u n t i l the 
excavation of the shallower passages had been completed. 
Exposing the deeper passages required a considerable 
amount of digging as s e v e r a l h o r i z o n t a l s e c t i o n s had 
to be taken before a v e r t i c a l cut could be made. When 
tr e e roots were encounted, attempts were made to c l e a r 
the s o i l from around them, but often they had to be 
cut and removed. 
Mapping and recording. 
The tunnel systems were recorded on a f i e l d map at a 
s c a l e of 1:10. A one square metre quadrat, subdivided 
int o four, was placed over the p a r t i c u l a r s e c t i o n being 
mapped as an a i d to accurate r e p r e s e n t a t i o n of the 
tunnels exposed. The width and height of a l l entrance 
holes were recorded p r i o r to commencement of digging. 
The depth of i n d i v i d u a l tunnels, measured from the 
ground surface to the tunnel f l o o r , and the width and 
height of the tunnels were recorded at approximately 
15cm i n t e r v a l s . The tunnels that continued beyond the 
confines of the s i t e were followed to provide data on 
the s i z e of the " v c s i d n n t icl» and " n o n - r e s i d e n t i a l " 
tunnel systems, but the e x t r a length was not included 
i n the t o t a l length per s i t e given i n Table 12. 
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3.1. TRAPPING AS AN INDICATION OF RODENT ABUNDANCE. 
(a) E s t i m a t i o n of the abundance of Apodemus and Clethrionomys 
i n the region o f s i t e 1. 
The traps were arranged i n the standard double l i n e as 
described i n s e c t i o n 2.2, and the trapping r e s u l t s are recorded 
i n Table 8. 
For a r e l i a b l e estimate of the population, the percentage 
of marked animals recaptured on the second day should not i n the 
case of Clethrionomys d i f f e r s i g n i f i c a n t l y from 51$ of those 
marked on the f i r s t day, on the b a s i s of the random v a r i a b i l i t y 
f o l l o wing a poisson d i s t r i b u t i o n . ( T h i s value was derived from 
Ashby, 1 % 7 , p4l8, Table 11, on the b a s i s of the r e s u l t s of 
trapping s e v e r a l hundred animals over a long s e r i e s of trapping 
s e s s i o n s ) . Table 8 shows that of fourteen Clethrionomys marked 
on the i i r s t day i n the present study, eight were recaptured on 
the second. T h i s recapture proportion does not d i f f e r s i g n i f i -
c a n t l y from the value of 51% c a l c u l a t e d by Ashby. Two days of 
trapping would be expected to capture 76% of the population 
(Ashby, 1967)2 therefore the eighteen Clethrionomys captured over 
the two days of trapping may be taken as representing t h i s per-
centage of the population. I t was consequently estimated that 
the d e n s i t y of Clethrionomys i n S i t e I was i n the order of 60 per 
hec t a r e . The d e n s i t y of Apodemus would appear to have been low. 
Only four captures, a l l of d i f f e r e n t i n d i v i d u a l s , were made and 
at t h i s l e v e l of capture r a t e the e f f e c t of random v a r i a b i l i t y 
makes the confidence l i m i t s very l a r g e i n r e l a t i o n to the mean. 
The trapping i n d i c a t e s very t e n t a t i v e l y a dens i t y i n the order 
of t h i r t e e n per h e c t a r e . T h i s accords with the l e v e l s of 
densit y observed by Ashby (1967) i n the l a t e spring and e a r l y 
summer i n Houghall Wood. 
TABLE 8 
TRAPPING RESULTS WITH 40 L0NGW0RTH TRAPS LAID OUT 
AS DESCRIBED IN SECTION 2.2. (TRAP NOS. OMITTED I P 
NO CATCH WAS MADE) 
Trap Trap Trap Trap Trap 
No. day 1 a.m. day 1 p.m. day 2 a.m. day 2 p.m. 
1 Cleth(m) 
2 Apod.(m) 
Cleth.(m)* C l e t h . ( f ) 7 
Apod.(m) 8 Apod.(m) 
9 
C l e t h . (m) 









C l e t h . ( f ) 
C l e t h . ( f ) * 
20 
21 C l e t h . ( f ) Cleth.(m) 
22 
Cleth.(m) 











C l e t h . (tn) 
C l e t h . ( f ) * 
37 
38 
C l e t h . ( f ) 
Cleth.(m)* Cleth.(m) 
39 i 
Key:- C l e t h : Clethrionomys g l a r e o l u s 
Apod: Apodemus s y l v a t i c u s 
(m): male 
( f ) : female 
* : I n d i v i d u a l p r e v i o u s l y marked. 
23-
Record of previous trapping. 
An i n d i c a t i o n of the abundance o f rodents during the 
period 1954-64 i s given by tne mean number of captures 
per trapping s e s s i o n i n each h a l f t r a n s e c t recorded by 
Ashby (1967) and given i n Table 9» These f i g u r e s were 
used to estimate the r e l a t i v e population l e v e l s of 
Apodemus and Clethrionomys which are described f o r each 
s i t e i n s e c t i o n 2.1(b) and summarised i n Table 1. 
TABLE 9 
MEAN NUMBER OP CAPTURES OF RODENTS PER TRAPPING SESSION OF TWO DAYS PER HALF TRANSECT. 
OCTOBER 1954 TO MAY 1964 (Table"modified from 
Ashby 1967, Table V) 
( 1 2 3 TRANSECT ( U L U L U L Mean 
Excavation S i t e V ( I I ) * I I I IV 
Clethrionomys 
Oct.1954 - May 1959 
Oct.1959 - May 1964 
3.6 
10.1 11.9 15.5 
1.7 1.0 5-5 4.6 j 
4.2 
3-9 
1.5 3.8 4.7 6.4 
Apodemus 
Oct.1954 - May 1959 
















Key: U: Upper h a l f of t r a n s e c t 
L: Lower h a l f of t r a n s e c t 
*: .Site I I nearby. 
3.2 ESTABLISHING OCCUPATION OF BURROWS IN SITE I 
(a) Trapping at entrance h o l e s . 
TABLE 10 
TRAPPING RESULTS TO ESTABLISH OCCUPANCY 
(TRAPS LAID OUT AS DESCRIBED IN SECTION 2 . 3 ( a ) . 





Trap. Day 1. 
Species and mark 
Trap. Day 2. 
Recaptures. 
Species and mark 
5 Cleth.(m) L.H.I 
Apod.(m) L.H.2 
6 
11 Apod.lrn) L.H.2 
Apod.(m) L.H.3 13 Apod.(m) L.H.3 
15 Apod.(f) L.H.4 Apod.(m) 
29 Cleth.(m) L.H.I 
38 Apod.(m) 





Key: L.H.I: L e f t hind foot 1st d i g i t , 
(other abbreviations as used i n 
Table 8 ) . 
Table 10 shows that i n d i v i d u a l s trapped and marked i n traps 
placed adjacent to p a r t i c u l a r numbered holes ( f o r reference 
see map i ) may be recaptured next day i n traps adjacent to 
quite d i f f e r e n t ones. One Apodemus was trapped at entrance 
hole No.11 which had a tunnel of only 8cm >and which was 
therefore u n l i k e l y to have been the tunnel from which i t 
had emerged. I n view of these f i n d i n g s i t i s suggested that 
t h i s method i s u n s a t i s f a c t o r y f o r e s t a b l i s h i n g the occupant 
of a burrow. 
26. 
D i r e c t observation. 
When the d e t a i l s of the animals trapped at the entrance 
holes had been recorded, they were r e l e a s e d . Both 
Apodemus and Clethrionomys made t h e i r escape extremely 
r a p i d l y , and i n n e a r l y every case disappeared i n t o dense 
cover outside the study area. Following animals d i r e c t l y 
a f t e r handling therefore appears to be u n s a t i s f a c t o r y i n 
e s t a b l i s h i n g r e s i d e n c y . One i n d i v i d u a l Apodemus d i d 
however remain w i t h i n the area searching f o r food. I t 
entered the l a r g e s t tunnel system by means of hole 18 
(see map l ) and emerged one minute l a t e r at hole 27s 
i t ate some of the b a i t s c a t t e r e d around the entrance 
to the hole and then re-entered i t . T h i s behaviour i s 
unusual f o r Apodemus which i s c h i e f l y n octurnal i n h a b i t , 
and may have been e l i c i t e d by hunger or was p o s s i b l y a 
displacement a c t i v i t y due to confinement i n the t r a p . 
The r e l e a s e technique was modified as described i n 
s e c t i o n 2.3(b), and the r e s u l t s obtained from using t h i s 
modified technique are as f o l l o w s . Three i n d i v i d u a l s 
were observed. I n each case they emerged c a u t i o u s l y 
from the trap and moved a short d i s t a n c e from the r e l e a s e 
point before disappearing down a tunnel entrance, passing 
s e v e r a l holes on the way. T h e i r movement appeared to be 
normal, and not to have been unduly a f f e c t e d by trap 
confinement and handling. One Apodemus male and one 
Apodemus female which had been returned to the tr a p s 
i n which they had been caught, those at holes nos. 41 and 
k'3 r e s p e c t i v e l y , were seen to move d i r e c t l y to hole 82 
and enter i t ; the d i s t a n c e s t r a v e l l e d were 95cm and 
l45cm. The t h i r d i n d i v i d u a l observed was a Clethrionomys 
male caught at hole 21; i t t r a v e l l e d more than 150cm 
before entering hole 38. 
27. 
3.3 GENERAL RESULTS. 
The tunnel systems on the f i v e s i t e s are shown i n 
Maps 1-5» and the data concerning the number and length of 
tunnels and number of e x i t s are summarised i n Tables 11 and 
12. Table 13 records the mean va l u e s of tunnel and entrance 
hole diameter and t r a n s v e r s e - s e c t i o n a l area, and tunnel and 
chamber depth. I n t a b l e 11 the data are d i v i d e d into three 
cat e g o r i e s r e l a t i n g to " r e s i d e n t i a l " and " n o n - r e s i d e n t i a l " 
tunnels and "other tunnels", as defined i n s e c t i o n 1.3« In-
order that f u l l d e t a i l s of the lengths of these tunnel types 
should be recorded i n t a b l e 11, any data obtained from beyond 
the s i t e boudaries are included. There was however no need 
f o r t h i s a d d i t i o n a l information to be included ixi t a b l e 12, 
as i t deals with the tunnel systems c o l l e c t i v e l y . 
The r e s u l t s i n t a b l e s 12 are expressed as per s i t e and 
per h e c t a r e . T h i s i s to allow d i r e c t comparison with the 
f i g u r e s of Cleminson (personal communication) who used study 
areas of a d i f f e r e n t s i z e , but who expressed h i s f i g u r e s as 
per h e c t a r e . 
Various f e a t u r e s of the tunnel systems and entrance holes 
are examined s t a t i s t i c a l l y i n s e c t i o n s 3»4 and 3«5» and the 
r e s u l t s as a whole are considered i n the d i s c u s s i o n . 
MAPS 1-5 SHOWING SMALL-RODENT BURROWS 
IN S I T E S 1 - V. 
E n t r a n c e h o l e numbers a r e shown on the 
maps, and arrows show the d i r e c t i o n of 
downward s l o p e . 

Map_2: Rodent burrows. SiteII. 
Key: E3-Druo|]tgris diU-fcak/m nets. @*!?€*. tkvnf. 
Map 3: 












Site V. (3x3m») 
v. 
TABLE 11 
THE CHARACTERISTICS OF "NON-RESIDENTIAL" AND 
"RESIDENTIAL" TUNNEL SYSTEMS AND "OTHER TUNNELS" ON INDIVIDUAL S I T E S , 
S i t e I S i t e I I S i t e I I I S i t e I V S i t e V 
(25«i2) (25m2) (9m 2) (9m 2) (9m 2) 
,, 
N o n - R e s i d e n t i a l T u n n e l Systems: 
Number of systems 10 3 k 2 6 
T o t a l t u n n e l l e n g t h (m) ^3-3 16.5 7.6 27.0 19.1 
Number of h o l e s 59 k 6 6 23 
Number o f d i f f u s e e x i t s 7 0 6 7 2 
T o t a l number o f e x i t s 66 k 12 13 25 
Mean t u n n e l l e n g t h p e r e x i t (m) 0.7 k.l 0.6 2.1 0.8 
' R e s i d e n t i a l T u n n e l Systems: 
Number o f systems 6 2 0 0 1 
T o t a l t u n n e l l e n g t h (m) 41.5 9.k - - 2.2 Number o f h o l e s 35 8 - - 1 Number o f d i f f u s e e x i t s 3 3 — — 0 
T o t a l number o f e x i t s 38 11 — — 1 
Mean t u n n e l l e n g t h p e r e x i t (m) 1.1 0.9 - - 2.2 
Other T u n n e l s : 
Number o f t u n n e l s 2k 6 8 5 7 
T o t a l t u n n e l l e n g t h (m) 7.6 1.6 3.1 1.6 1.8 
Number o f h o l e s 23 6 8 5 8 
Number of d i f f u s e e x i t s 1 0 3 1 0 
T o t a l number o f e x i t s 2k 6 11 6 8 
Mean t u n n e l l e n g t h p e r e x i t (m) 0.3 0.3 0.3 0.3 0.2 
TABLE 12 
On THE CHARACTERISTICS OF LI T T E R RUNS AND ALL TYPES OF 
w SMALL-RODENT TUNNELS CONSIDERED COLLECTIVELY ON INDIVIDUAL S I T E S • 
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h e c t a r e 
Study 
A r e a 
9m 2 
D 1 Study P e r j . J , , Area h e c t a r e ^ 
P e r 
h e c t a r e 
Underground T u n n e l s : 
Number o f t u n n e l s 
T o t a l t u n n e l l e n g t h (m) 
Mean t u n n e l l e n g t h (m) 
Mean t u n n e l l e n g t h p e r m 2 (m) 
Number o f h o l e s 
Number of d i f f u s e e x i t s 
T o t a l e x i t s 
Mean t u n n e l l e n g t h p e r e x i t ( m ) 












































































L i t t e r Runs: 
T o t a l r u n l e n g t h ( m ) 5.5 2,200 4.1 1,700 3-6 4,100 1.7 1,900 2.8 3,100 
TABLE 13 
THE MEAN VALUES FOR INDIVIDUAL S I T E S OF 
ENTRANCE HOLE AND TUNNEL D1AMTER AND TRANSVERSE-SECTIONAL 
ARE A p AND TUNNEL AND CHAMBER DEPTH. 
Par a m e t e r 
Mean V a l u e s ( cm) 
S i t e 
1 
S i t e 
I I 
S i t e 
I I I 
S i t e 
I V 
S i t e 
V 
E n t r a n c e h o l e w i d t h 3.2 3-0 2.9 3.0 3-1 
E n t r a n c e h o l e h e i g h t 3.0 2.6 2.8 2.8 2.9 
E n t r a n c e h o l e t r a n s v e r s e -
s e c t i o n a l a r e a (cm2) 7.8 6.4 6.4 6.7 7.1 
T u n n e l w i d t h 4.4 3.6 3.1 3.8 3.6 
T u n n e l h e i g h t 3-6 3.2 2.8 3-2 3.3 
T u n n e l t r a n s v e r s e -
s e c t i o n a l a r e a (cm2) 12.4 9.0 6.8 9.8 9.5 
T u n n e l w i d t h ( j u n c t i o n ) 4.4 4.0 3-3 3-9 3.8 
T u n n e l w i d t h 
( i n t e r m e d i a t e s e c t i o n s ) 4.2 3.0 2.9 4.1 3.4 
T u n n e l depth 8.4 13.9 9.2 6.3 9.2 
Chamber depth: to f l o o r 18.0 19.5 - - 15.0 
Chamber depth: to r o o f 10.7 10.3 5.5 
The method u s e d i n o b t a i n i n g t h e above measurements i s g i v e n 
i n s e c t i o n 2 . 4 ( b ) . 
31. 
DISTRIBUTION OF ENTRANCE HOLES. 
Comparison o f the d i s t r i b u t i o n o f h o l e s with, t h e i d e a l 
P o i s s o n d i s t r i b u t i o n . 
I n the c a s e where a number o f h o l e s a r e randomly-
d i s t r i b u t e d over an a r e a d i v i d e d i n t o e q u a l s q u a r e s , t h e 
number o f h o l e s p e r sq u a r e would h a v e a P o i s s o n d i s t r i b u t i o n . 
To t e s t whether i n f a c t the o b s e r v e d d i s t r i b u t i o n was random, 
or whether t n e r e was a d e f i n a b l e p a t t e r n of a g g r e g a t i o n or 
o v e r - d i s p e r s i o n , the f o l l o w i n g e x e r c i s e was conducted. 
The o b s e r v e d d i s t r i b u t i o n o f h o l e s , i . e . the numbers 
of square m e tres w i t h 0, 1, 2 e t c . h o l e s , i n e a c h s t u d y a r e a 
was compared w i t h the i d e a l P o i s s o n d i s t r i b u t i o n . (The graph 
f o r s i t e 1 o n l y i s shown g r a p h i c a l l y i n F i g . 8 i n the a p p e n d i x . ) 
I f the f r e q u e n c y d i s t r i b u t i o n o f number of h o l e s p e r u n i t 
a r e a f o l l o w e d a P o i s s o n d i s t r i b u t i o n , t h e n t h e chance o f 
o b t a i n i n g x h o l e s on a g i v e n ii;2 would be g i v e n by the 
f o l l o w i n g f o r m u l a : 
where e=base o f n a t u r a l l o g s . 
- 1" x jii=population mean (The b e s t e .m 
x l e s t i m a t e o£ w h i c h i s t he 
sample 'uean) 
x=expected no.of h o l e s from 
0 j 1 y 2 •••••••• vi* 
I t was p o s s i b l e i n the c a s e o f s i t e s I and I I to t e s t 
the goodness of f i t of the d a t a c o n c e r n i n g the d i s t r i b u t i o n 
of h o l e s t o a P o i s s o n d i s t r i b u t i o n by u s i n g t h e C h i 2 t e s t . 
C e r t a i n of the d a t a had to be grouped to e n s u r e t h a t i n any 
one c a t e g o r y t h e e x p e c t e d number o f s q u a r e s d i d n o t f a l l 
below f i v e . The o b s e r v e d and e x p e c t e d d a t a f o r t h e s e two 
s i t e s i s g i v e n i n T a b l e s Ik and 16, and as grouped f o r the 
C h i 2 t e s t i n T a b l e s 15 and 17• The number o f square-metre 
g r i d s q u a r e s was i n s u f f i c i e n t i n S i t e s I I I - V f o r the C h i ^ 
t e s t to be a p p l i e d . However the observed and e x p e c t e d number 
of metre s q u a r e s w i t h x h o l e s f o r t h e s e s i t e s i s g i v e n i n 
T a b l e s 25-27 of the appendix. 
TABLE 14 
THE OBSERVED AND EXPECTED NUMBER OF 
SQUARE METRES WITH X HOLES ON S I T E I 
Number o f Observed number E x p e c t e d number 
h o l e s ( x ) of m2 w i t h x of m 2 w i t h x 
i n each m2. h o l e s h o l e s 
0 1 0 . 2 
1 2 1 .1 
2 3 2 . 5 
3 2 3 - 9 
k 1 k.5 
5 8 4 . 2 
6 2 3 - 3 
7 3 2 . 2 
8 1 1 . 3 
9 2 0 . 7 
10 0 0 . 3 
TABLE 15 
THE OBSERVED AND EXPECTED NUMBER OF 
SQUARE METRES WITH X HOLES ON S I T E I 
(TABLE CONDENSED FROM TABLE 14 FOR 
THE C H I 2 T E S T . ) 
Number o f 
h o l e s i n 
each m 2 
Observed no. 
o f s q u a r e s . 
E x p e c t e d no. 
of s q u a r e s . 
0 , 1 , 2 o r 3 8 7 . 7 
4 or 5 9 8 . 7 
6 , 7 , 8 , 9 , 1 0 8 8 . 6 
or more 
F o r S i t e I C h i 2 = 0 . 0 4 , 2 d.f. P= < 0 . 9 8 
TABLE 16 
THE OBSERVED AND EXPECTED NO. OF SQUARE METRES WITH X 
HOLES I N S I T E I I 
Number o f 
h o l e s ( x ) 




of s q u a r e s 
w i t h x h o l e s 
E x p e c t e d no. 
o f s q u a r e s 
w i t h x h o l e s 
0 10 1 2 . 1 
1 12 8 . 7 
2 3 3 -1 
3 0 0 . 7 
h 0 0 . 3 
5 0 0 . 0 2 
TABLE 17 
THE OBSERVED AND EXPECTED NO. OF SQUARE METRES WITH X 
HOLES ON S I T E I I (TABLE CONDENSED FROM TABLE 16 FOR 
THE CHI^ TEST) 
Number of Observed no. E x p e c t e d no. 
h o l e s i n 
each M^ 
of s q u a r e s o f s q u a r e s 
0 10 1 2 . 1 
1 or more 15 1 2 . 9 
F o r s i t e I I ; C h i 2 = 0 . 7 , 1 d . f . , P = < 0 . 5 
3 4 . 
I n n e i t h e r s i t e I nor s i t e I I was the d i f f e r e n c e between 
the o b s e r v e d and ex p e c t e d f i g u r e s s i g n i f i c a n t a t t h e l e v e l of 
p= 0 . 0 5 . However t h i s may onl y be t a k e n as an i n d i c a t i o n t h a t 
t h e r e i s no e v i d e n c e o f the d i s t r i b u t i o n b e i n g non-random, 
g i v e n the d a t a a v a i l a b l e and u s i n g one i n 2 as t h e u n i t s i z e . 
S t u d i e s over a l a r g e r a r e a and w i t h a d i f f e r e n t s i z e o f u n i t 
a r e a might r e v e a l a d e v i a t i o n from a random d i s t r i b u t i o n t h a t 
the p r e s e n t s t u d y c o u l d n o t d e t e c t . 
A f u r t h e r t e s t w h i c h was a p p l i e d to t h e d a t a from a l l 
f i v e s i t e s , u s e s t h e r a t i o of v a r i a n c e to mean as an i n d i c a t i o n 
o f the n a t u r e o f the d i s t r i b u t i o n . T h i s r a t i o i s u n i t y i n t h e 
c a s e o f a P o i s s o n d i s t r i b u t i o n ; a g g r e g a t i o n i s i n d i c a t e d i f 
the r a t i o e xceeds u n i t y , w h i l e i f the r a t i o i s l e s s t h a n one, 
an o v e r d i s p e r s e d d i s t r i b u t i o n i s s u g g e s t e d . A s i g n i f i c a n t 
d e v i a t i o n i s p r e s e n t i f t h e r a t i o exceeds 1 . 4 5 or i s l e s s 
t h a n O .55 r e s p e c t i v e l y (Glasgow, 1 9 3 9 ) . 
TABLE 1 8 . 
THE VARIANCE:MEAN RATIO FOR THE NUMBERS 
OF HOLES PER METRE SQUARE FOR INDIVIDUAL S I T E S 
S i t e Mean n o . h o l e s p e r m 2 V a r i a n c e 
V a r i a n c e : 
mean r a t i o 
1 4 . 6 8 5.42 1 .16 
I X 0 . 7 2 0.44 0 . 6 1 
I I I 1 . 5 5 0.47 O.3O* 
I V 1.22 1 . 9 5 1 . 6 0 * 
V 3-56 1.14 O.3O* 
Key: *denotes v a l u e s d e p a r t i n g s i g n i f i c a n t l y 
from u n i t y . 
T h i s t e s t g i v e s no e v i d e n c e s u g g e s t i n g t h a t the d i s t r i 
b u t i o n o f h o l e s on s i t e s I and I I was n o t random ( w h i c h 
a g r e e s w e l l w i t h the r e s u l t s o f the C h i 2 t e s t ) : but s u g g e s t 
t h a t on s i t e s I I I and V the h o l e s were o v e r d i s p e r s e d , and 
t h a t on s i t e I V t h e r e was a s l i g h t a g g r e g a t i o n o f h o l e s . 
3 6 . 
3 . 5 DIMENSIONS OF ENTRANCE HOLES AND TUNNELS. 
( a ) Width. : H e i g h t R a t i o . 
The d a t a f o r c a l c u l a t i n g t h e w i d t h : h e i g h t r a t i o s 
c o l l e c t e d a s d e s c r i b e d i n s e c t i o n 2 . 4 ( a ) a r e g i v e n 
i n d e t a i l i n T a b l e s 28 - 3 2 and 3 3 - 3 7 . From t h i s d a t a 
the r a t i o s o f w i d t h to h e i g h t were c a l c u l a t e d , and t he 
s t a n d a r d e r r o r ( S . E . ) o f the mean (M) d e r i v e d f o r the 
e n t r a n c e h o l e s and t u n n e l s on each s i t e . I f M-2xS.E. 
i s g r e a t e r t h a n one t h e n t h e y a r e s i g n i f i c a n t l y d o r s o -
v e n t r a l l y f l a t t e n e d . The f i g u r e s o b t a i n e d , w h i c h a r e 
shown i n T a b l e 19» i n d i c a t e t h a t t h e r e was e v i d e n c e o f 
s t a t i s t i c a l l y s i g n i f i c a n t d o r s o - v e n t r a l f l a t t e n i n g i n 
e v e r y c a s e e x c e p t f o r the e n t r a n c e h o l e s on s i t e s I I I 
and I V , and i n t h e s e c a s e s a l s o t h e mean w i d t h was s t i l l 
g r e a t e r t h a n t h e mean h e i g h t ( s e e T a b l e 1 3 ) ' 
TABLE 19 
MEAN LESS 2xS.E. OF WIDTH:HEIGHT RATIO 
OF ENTRANCE HOLES AND TUNNELS. 
Mean minus 
2xS.E. 
S I T E 
I I I I I I I V V 
E n t r a n c e h o l e s 
T u n n e l s 
1 .06 
1 . 1 6 
1 .06 
1 . 0 9 
0 . 9 6 
1 . 0 5 
1 . 0 0 
1 . 1 0 
1 . 0 4 
1 . 0 6 
( b ) T r a n s v e r s e - s e c t i o n a l a r e a . 
To i n v e s t i g a t e the p o s s i b i l i t y t h a t Apodemus and 
C l e t h r i o n o m y s c o n s t r u c t e n t r a n c e h o l e s and t u n n e l s w i t h 
t r a n s v e r s e - s e c t i o n a l a r e a s p e c u l i a r to t h e i r s p e c i e s , 
the Kolmogorov-Smirnov t e s t was a p p l i e d to t h e d a t a 
3 7 . 
g i v e n i n T a b l e s 28 to 37 o f the appendix. The 
Kolmogorov-Smirnov t e s t i s a r e l i a b l e t e c h n i q u e f o r 
f i n d i n g a c o n f i d e n c e band f o r the d i s t r i b u t i o n F ( x ) 
o f a c o n t i n u o u s v a r i a b l e . I n t h i s t e s t the r e a d i n g s 
f o r each p a rameter and s i t e a r e a r r a n g e d a c c o r d i n g to 
magnitude i . e . x-^,X2> x r , and the o r d e r e d sample 
u s e d to o b t a i n the c o n f i d e n c e band ( a ) f o r F ( x ) a t the 
5% l e v e l u s i n g the f o l l o w i n g f o r m u l a :-
"a"= 1.36 
,/n where n= sample s i z e . 
(The c o n s t r u c t i o n o f t h e c o n f i d e n c e band u s i n g " a " i s 
shown i n F i g . 2 . ) 
F ( x r ) = ^ /xr-m) where x = r * ^ v a l u e o f t he 
' s ) o r d e r e d sample 
ni=mean t r a n s v e r s e -
s e c t i o n a l a r e a o f 
h o l e s or t u n n e l s . 
s = s t a n d a r d d e v i a t i o n 
of the samples from 
the mean 
H = t ) = l + f£ ( t ) d t , i f t > 0 . 
\- 6 ( t ) d t , i f t < 0 . 
n S 
ijt v a l u e s a r e computed from normal a r e a t a b l e s , as g i v e n 
i n H oel ( 1 9 5 ^ ) , and p l o t t e d a g a i n s t r : where r i s the 
n 
n u m e r i c a l p o s i t i o n i n t h e o r d e r e d sample s e r i e s . i f t h e 
c o n s t r u c t e d l i n e f a l l s w i t h i n the c o n f i d e n c e band " a " , 
th e n t h e r e a d i n g s may be assumed to r e p r e s e n t one normal 
d i s t r i b u t i o n , w h i l e i f i t ex t e n d s beyond t h e s e l i m i t s 
t h e p r e s e n c e of more t h a n one s i n g l e d i s t r i b u t i o n i s 
i n d i c a t e d . 
The Kolmogorov-Smirnov t e s t p r o v i d e s no e v i d e n c e t h a t 
t h e t r a n s v e r s e - s e c t i o n a l a r e a s of b o t h the e n t r a n c e h o l e s 
and t u n n e l s r e p r e s e n t e d more t h a n one normal d i s t r i b u t i o n , 
w i t h t h e e x c e p t i o n of the e n t r a n c e h o l e s i n s i t e 1 
( s e e F i g . 2 ) . i n t h i s c a s e , t h e h i s t o g r a m o f f r e q u e n c y 
F I G . 2: THE KOLMOGOROV-SMIRNOV TEST FOR ENTRANCE 
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P I G . 3 ( a ) : HISTOGRAMS SHOW.1 KG PRtt ' jUBNCY OP OCCURRBNCB OK BNTRAXCE HOI.B 
T I l A N S V B R . S B - S B C T i O N A L ARBAS 0 \ S ' lTBS I .1 - V . 
S I T E I t 
1 
1 1 I 1 1 1 1 
S I T C I E L 
"i r 
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i i r 
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—r~ 
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1 
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T R A X S V B R S B - S B C T I O N A L ARBA ( C M ? ) 
HlriTOOIL-vM •SHtr.vl.VG PitLQT.l'LNCY OK OCCUHRENCE OF ENTRANCE HOLE 
OIaNETKR-S* UN riJTE 1.. 
* M e a n o f h e i e h t a n d w i d t h . 
( T w o e n t r a n c e s w i t h d i a m e t e r s 
4 . 7-^.8 cm n o t s h o w n ) 
i-t is 2 b 
— 1 — 
2-7 2-8 30 3-1 3 t 35 37 3-8 3-1 HO i f l t 
MEAN OF H E I G H T ' A N D W I D T H ( C I P ) 
39. 
( c ) T u n n e l w i d t h . 
The " t " t e s t was a p p l i e d t o t e s t the p o s s i b i l i t y t h a t 
the t u n n e l s a r e d i l a t e d n e a r the j u n c t i o n s , p e r h a p s t o 
e n a b l e two i n d i v i d u a l s to p a s s one a n o t h e r . The t u n n e l 
w i d t h measurements were d i v i d e d i n t o t h o s e a t " j u n c t i o n s " , 
t h a t i s w i t h i n a p p r o x i m a t e l y f i v e cm of a f o r k i n the 
t u n n e l , and t h o s e i n " i n t e r m e d i a t e s e c t i o n s " . The two 
s e t s of v a l u e s from each s i t e a r e compared i n T a b l e 22 
below, and the d a t a a r e p r e s e n t e d i n T a b l e 38 of the 
appendix. The r e s u l t s a r e d e a l t w i t h i n the d i s c u s s i o n . 
TABLE 22 
COMPARISON OF MEAN TUNNEL WIDTH AT 
"JUNCTIONS" AND "INTERMEDIATE. tfECT.-iONfe 
WITHIN EACH S I T E 
P a r a m e t e r s compared 
S i t e Width a t 
" j u n c t i o n s " 
(cm) 
Width a t 
" i n t e r m e d i a t e 
s e c t i o n s " (cm) 
»t" d . f . P 
I I 4.0 3-0 3.3 43 < 0.01 
I I I 3.3 2.9 2.8 12 ^0.02 
I 4.4 4.2 




( d ) T u n n e l l e n g t h i n each metre s q u a r e . 
The " t " t e s t was a l s o u s e d to determine i f t h e r e was 
a s i g n i f i c a n t d i f f e r e n c e between s i t e s i n the mean l e n g t h 
of t u n n e l p er m^, and t h e r e s u l t s o f the t e s t a r e shown 
i n T a b l e 23. 
TABLE 23 
P a r a m e t e r s compared f ! i S i t e Mean l e n g t h 
(in) p e r S i t e 
Mean l e n g t h 
(m) per »t" d . f . 
i 
: P 
f 11 1.0 5.69 48 L o . O O l 
I . 3.2 I 111 ! 1.2 4.11 32 ;< 0.001 ! I V 1.9 2.07 32 ;<o.o5 
V 2.4 f I I 1.0 3.03 32 .!< 0.01 
1 I I I 1.2 2.86 : 16 ,^0.02 
4 
The t u n n e l l e n g t h s p e r nfi i n s i t e s 1 and V a r e seen t o 
be s i g n i f i c a n t l y g r e a t e r t h a n i n t h e o t h e r s i t e s , w i t h 
the e x c e p t i o n of s i t e V compared w i t h s i t e I V . 
kl. 
DISCUSSION 
T h i s s t u d y d e a l s w i t n the burrow s y s t e m s ol* Apodemus and 
C l e t t i r i o n o m y s . I t was p o s s i b l e by comparison o f a r e a s w i t h 
d i f f e r e n t s p e c i e s abundance to a t t r i b u t e c e r t a i n f e a t u r e s to the 
burrows o i e ach o f t h e s p e c i e s , but not to e s t a b l i s h which r o d e n t 
s p e c i e s was o c c u p y i n g a p a r t i c u l a r t u n n e l system. F o r t h i s 
r e a s o n t h e d i s c u s s i o n c o n s i d e r s the burrows o f Apoderuus and 
C l e t h r i o n o i i j y s j o i n t l y , u n l e s s o t h e r w i s e s t a t e d . 
D i s t r i b u t i o n of e n t r a n c e h o l e s 
The r e s u l t s shown i n s e c t i o n 3«^ s u g g e s t t h a t the e n t r a n c e 
h o l e s were d i s t r i b u t e d randomly on s i t e s I and I I ( a s s u m i n g the 
e x p e c t a t i o n o f a P o i s s o n d i s t r i b u t i o n ) , were s l i g h t l y o v e r d i s p e r s e d 
on s i t e s I I I and V, and were aggreg a t e d on s i t e I V . The mean 
number of h o l e s and d i f f u s e e x i t s p e r vs? was v e r y d i f f e r e n t on the 
f i v e s i t e s as shown i n P i g . 5 . T h e r e does n o t seem to be any 
c o r r e l a t i o n between the d e n s i t y o f h o l e s , w h i c h was h i g h on s i t e I 
and low 0x1 s i t e I I , and t h e i r d i s t r i b u t i o n which a p p e a r s random 
i n b o t h c a s e s . S i t e I V had a low d e n s i t y of h o l e s w h i c h appeared 
s l i g h t l y a g g r e gated, w h i l e t h e d e n s i t y was moderate on S i t e 111 
and h i g h on S i t e V where an o v e r d i s p e r s i o n o f h o l e s i s s u s p e c t e d . 
T h e r e i s no obvious r e l a t i o n between the t y p e of d i s t r i b u t i o n o f 
e n t r a n c e h o l e s on the s i t e s and the r e l a t i v e abundance of Apodemus 
and C l e t h r i o n o m y s . I t i s p o s s i b l e t h a t v e r y l o c a l f a c t o r s , s u c h 
as v a r i a t i o n s i n s l o p e due to u n e v e n e s s o f ground, s o i l h a r d n e s s 
and cluinps o f v e g e t a t i o n , c o u l d have i n f l u e n c e d t h e t y p e s o f 
d i s t r i b u t i o n observed on the s i t e s . 
E n t r a n c e h o l e s and t u n n e l d i a m e t e r s 
The r e s u l t s g i v e n i n T a b l e 13 show t h a t the e n t r a n c e h o l e s 
and t u n n e l s on a l l the s i t e s were d o r s o - v e n t r a l l y f l a t t e n e d . 
A p p l i c a t i o n of the t e s t d e s c r i b e d i n s e c t i o n 3 . 5(a) shows t h a t t h i s 
f l a t t e n i n g was s i g n i f i c a n t i n a l l c a s e s e x c e p t t h a t of the e n t r a n c e 
F I G . 5: H I STOP RAM COMPARING NUMlViCR OF 1CNTRANCB HOLES AND 
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h o l e s on s i t e s i l l and I V . 
As tne t u n n e l d i a i u e t e r s were not v e r y l a r g e , the q u e s t i o n 
a r i s e s o f how two i n d i v i d u a l s are a b l e to p a s s one a n o t h e r i n 
t h e s e p a s s a g e s . The p o s s i b i l i t y t h a t c e r t a i n s e c t i o n s o f t h e 
t u n n e l a r e expanded t o a l l o w p a s s i n g was i n v e s t i g a t e d i n s e c t i o n 
3 . 5 ( c ) . The ire an. t u n n e l w i d t h was g r e a t e r a t " j u n c t i o n s " than 
a t " i n t e r m e d i a t e s e c t i o n s " i n a l l except s i t e I V ( T a b l e 22). 
S i g n i f i c a n t r e s u l t s were o b t a i n e d from S i t e s i l (p=<0.01) and 
i l l (p=-£(j.02J, b o t h o f w h i c h had a n a r r o w e r mean t u n n e l w i d t h a t 
" i n t e r m e d i a t e s e c t i o n s " t h a n the o t h e r s i t e s ( s e e T a b l e 22). I t 
a p pears t n a t w i d e n i n g o f the t u n n e l s a t " j u n c t i o n s " a;ay be n e c e s s a r y 
to a l l o w p a s s i n g , e s p e c i a l l y when the t u n n e l s a r e narrow. 
U s i n g the t e c h n i q u e s d e s c r i b e d i n s e c t i o n 2.31 i t was not 
p o s s i b l e to e s t a b l i s h which s p e c i e s l i v e d , o r were a c t i v e , w i t h i n 
a p a r t i c u l a r t u n n e l . AS occupancy c o u l d n o t be e s t a b l i s h e d d i r e c t l y , 
i t was n e c e s s a r y to t e s t the d a t a on e n t r a n c e h o l e and t u n n e l 
t r a v e r s e - s e c t i o n a l a r e a f o r b i m o d a l i t y : t h i s was done u s i n g the 
Koluiogorov-^mjxnov t e s t as d e s c r i b e d and a p p l i e d i n s e c t i o n 3 » 5(b). 
The L e s t r e v e a l e d no b i n i o d a l x t y i n the d i s t r i b u t i o n o f -the t u n n e l 
t r a n s v e r s e - s e c t i o n a l a r e a s i n any o f the s i t e s , and o f the e n t r a n c e 
h o l e d a t a , o n l y those from S i t e 1 r e p r e s e n t e d o t h e r t h a n one normal 
d i s t r i b u t i o n ( F i g 2 ) . F i g u r e s 3 and 4 r e v e a l e d the p r e s e n c e o f a 
bimodal d i s t r i b u t i o n w i t h the p o s s i b i l i t y of a t h i r d peak. F i g u r e 
3(a) shows t h a t s i t e I I (moderate Apodemus, low C l e t h r ionoiny s ) had 
a preponderance of s m a l l e n t r a n c e h o l e s , and c omparison of i t s 
h i s t o g r a m w i t h t h a t f o r s i t e I (moderate Apodemus, h i g h Clethrionomys) 
n i g h t s u g g e s t t h a t the s m a l l h o l e s o f s i t e 1 had been made by 
Apodenius. T h i s h y p o t h e s i s however l a c k s support as s u c h s m a l l 
h o l e s a r e s c a r c e on s i t e s 111, I V and V ( F i g . 3 ( a ) ) w h i c h were a l l 
used by Apod emus as w e l l as C l e t h r i o n o m y s • A l s o , the s u ; a l l and 
l a r g e h o l e s on s i t e I ( s e e Map l ) o c c u r a l o n g t h e l e n g t h s of the 
sau.e t u n n e l systears more o r l e s s a t random, and a r e not o b v i o u s l y 
a s s o c i a t e d w i t h e i t h e r l o n g , s h o r t or c o n v o l u t e d t u n n e l s . The 
43. 
above p o i n t s s u g g e s t t h a t the bimodal d i s t r i b u t i o n on s i t e I i s 
not to be a t t r i b u t e d to c o n s t r u c t i o n o f d i f f e r e n t - s i z e d e n t r a n c e 
h o l e s by the two s p e c i e s . I t was c o n c l u d e d t h a t Apodenms and 
C l e t h r i o n o m y s burrows c o u l d not be d i s t i n g u i s h e d by the e n t r a n c e 
h o l e o r t u n n e l s i z e . 
The bimodal d i s t r i b u t i o n o f e n t r a n c e h o l e s may p o s s i b l y r e s u l t 
from d i f f e r e n t i a l u s e o f the bu r r o w s . Those e n t r a n c e s c o n s t a n t l y 
i n u s e would tend to be e n l a r g e d or a t l e a s t would r e t a i n t h e i r 
o r i g i n a l s i z e , w h i l e t h o s e u s e d l e s s f r e q u e n t l y would tend to 
become s m a l l e r by the a c c u m u l a t i o n of d e b r i s . With t h e h i g h 
number o f e n t r a n c e s on s i t e 1, i t i s l i k e l y t h a t t h e p r o p o r t i o n 
not i n r e g u l a r u s e would have been s u f f i c i e n t to produce a bimodal 
d i s t r i b u t i o n . The f e w e r e n t r a n c e s on s i t e s I I - V may have r e s u l t e d 
i n a g r e a t e r p r o p o r t i o n being f r e q u e n t l y used, and t h i s c o u l d 
e x p l a i n why the d a t a from t h o s e s i t e s do n o t e x h i b i t b i m o d a l i t y . 
D i f f e r e n c e s between the burrows o f Apodemus 
and C l e t h r i o n o m y s . 
B a r r e t t - H a m i l t o n (1910) s u g g e s t e d t h a t C l e t h r i o n o m y s c o n s t r u c t s 
a c o m p l i c a t e d network o f t u n n e l s w h i c h c o u l d be u s e d f o r movement 
between p a t c h e s of c o v e r , end t h a t t h e s e a r e g e n e r a l l y s h a l l o w e r 
t h a n Apodemus t u n n e l s . To check whether t h i s d i f f e r e n c e c o u l d be 
e s t a b l i s h e d from the p r e s e n t study, t h e l e n g t h and d e p t h of t u n n e l s 
and t h e i r d i s t r i b u t i o n on the f i v e s i t e s a r e compared. 
The b e s t r e s u l t s might be e x p e c t e d from comparison of the 
d a t a from s i t e s I and I I , a s the d i f f e r e n c e i n the r e l a t i v e 
abundance o f Apodemus and Cle thrionomys was g r e a t e s t between t h e s e 
two s i t e s ; t h e d i f f e r e n c e b e i n g t h e g r e a t e r abundance o f 
C l e t h r i o n o m y s on s i t e I ( s e e T a b l e l ) . The s o i l p r o f i l e s r e c o r d e d 
i n T a b l e s 3 and 4 show t h a t the b u r r o w i n g media were s i m i l a r on 
s i t e s I and I I , so any d i f f e r e n c e i n t h e t u n n e l c h a r a c t e r i s t i c s 
between the two s i t e s should be a t t r i b u t a b l e to t h e p o p u l a t i o n 
l e v e l of C l e t h r i o n o m y s . 
The t u n n e l l e n g t h p e r var i n s i t e I was more t h a n t h r e e t i m e s 
t h a t i n s i t e I I (p= <0.00l) , and comparison of Maps I and 2 shows 
t h a t t h e i r d i s t r i b u t i o n was more u n i f o r m on s i t e I : the p e r c e n t a g e 
of h a l f - m e t r e s q u a r e s w i t h o u t t u n n e l s b e i n g CFj/o and 56$> r e s p e c t i v e l y . 
T h e s e o b s e r v a t i o n s , c o n s i d e r e d w i t h the knowledge t h a t the mean 
t u n n e l depth i n s i t e I (8.^ cm) was l e s s t h a n i n s i t e I I (13*9 cm), 
are i n agreement w i t h the d i f f e r e n c e s between C l e t h r i o n o m y s and 
Apodemus burrows put forward by B a r r e t t - H a m i l t o n (1910). 
F u r t h e r c o n f i r m a t i o n i s o b t a i n e d when the r e s u l t s from s i t e s I I I 
and V a r e i n c l u d e d i n t h e comparison. The d a t a from s i t e I V a r e 
not i n c l u d e d i n the s e c t i o n , as i t was c o n s i d e r e d t h a t the w e t n e s s 
of the s i t e had to a marked e x t e n t i n f l u e n c e d the c h a r a c t e r i s t i c s 
of t h e burrows. The e f f e c t s o f w a t e r l o g g i n g a r e d i s c u s s e d l a t e r . 
The s o i l p r o f i l e s f o r s i t e s I I I and V a r e presented, i n T a b l e s 5 
and 7. 
The o r d e r o f abundance o f r o d e n t s on s i t e V was v e r y c l o s e 
to t h a t on s i t e I . A s i m i l a r l y c l o s e agreement was found i n the 
t u n n e l l e n g t h s p e r shown i n T a b l e 12, where the s i t e V v a l u e 
was n e a r e r the s i t e I v a l u e t h a n were the o t h e r s i t e v a l u e s , and 
i n the uniform s p r e a d o f the t u n n e l s ( s e e Map 5) w h i c h were 
d i s t r i b u t e d throughout a l l b u t 3% o f the h a l f - m e t r e s q u a r e s . 
The abundance of Apodemus on s i t e I I I was s i m i l a r to t h a t on 
s i t e s I and I I , b u t the d e n s i t y of C l e t h r i o n o m y s was i n t e r m e d i a t e 
between t h a t a t the two s i t e s . ThetBfore, c o n t i n u i n g the a s s u m p t i o n 
t h a t the d i f f e r e n c e s i n the t u n n e l c h a r a c t e r i s t i c s between the s i t e s 
was due t o d i f f e r e n t p o p u l a t i o n l e v e l s of Clethrionomys» i t would 
be e x p e c t e d t h a t the s i t e I I I d a t a would f a l l between t h o s e o f 
s i t e s I and I I . I t i s e v i d e n t from Maps 1, 2 and 3 t h a t the 
t u n n e l s on s i t e I I I were n o t as u n i f o r m l y d i s t r i b u t e d as t h o s e 
on s i t e I , but were n o t as ag g r e g a t e d a s t h o s e on s i t e I T ; the 
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p e r c e n t a g e s of h a l f - m e t r e s q u a r e s w i t h o u t t u n n e l s , p r e s e n t e d 
n u m e r i c a l l y , b e i n g 0$, 33$ and 56$. I n a d d i t i o n , t h e mean t u n n e l 
l e n g t h p e r m^ ( s e e T a b l e 12) and mean t u n n e l depth v a l u e s ( s e e 
T a b l e 13) i n s i t e I I I f a l l between t h o s e f o r s i t e s 1 and I I . 
The above f i n d i n g s s u g g e s t t h a t C l e t h r i o n o m y s burrows may be 
s h a l l o w e r t h a n Apodemus burrows, as was s t a t e d by B a r r e t t - H a m i l t o n 
(1910). I t a l s o seems p o s s i b l e t h a t where the C l e t h r i o n o r n y s 
p o p u l a t i o n was h i g h ( s i t e s I and V ) , the t u n n e l s c o u l d have p r o v i d e d 
an adequate network f o r movement underground from one p a t c h of 
c o v e r to a n o t h e r . However, t h e s e c o n c l u s i o n s must be t e n t a t i v e , 
as i n s p e c t i o n o f t h e v a r i o u s maps does not r e v e a l any obv i o u s 
s i g n s o f t h e r e b e i n g two d i s t i n c t t u n n e l t y p e s i n s i t e s w i t h b o t h 
s p e c i e s p r e s e n t , and o n l y one type i n s i t e I I where o n l y Apodemus 
may be p r e s e n t . I t i s s u g g e s t e d t h a t the two s p e c i e s may use one 
a n o t h e r s burrows s u c c e s s i v e l y , and t h a t many burrows may be produced 
over a number o f y e a r s by t h e j o i n t e f f o r t s of t h e two s p e c i e s . 
Chambers and t u n n e l t y p e s . 
E l e v e n chambers were e x c a v a t e d of w h i c h e i g h t were i n s i t e I , 
two i n s i t e I I and one i n s i t e V. Two of the chambers i n s i t e I 
c o n t a i n e d the re m a i n s o f a n e s t i n the form o f shredded g r a s s , but 
i t was not p o s s i b l e to determine whether the r e m a i n d e r had been 
used f o r n e s t i n g or food s t o r a g e . Comparison of the chamber and 
t u n n e l d e p t h (measured from ground s u r f a c e to r o o f ) from s i t e s I , 
I I and V combined, showed t h a t t h e mean chamber depth (9*6 cm) was 
c o n s i d e r a b l y g r e a t e r than the mean t u n n e l d e p t h (6.6 cm). The 
g r e a t e r depth o f the chambers would p r o v i d e i n c r e a s e d i n s u l a t i o n 
from the a b i o t i c environment. 
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D e t a i l s of" the v a r i o u s c a t e g o r i e s of t u n n e l sy stems way be 
found i n t a b l e 11, and the p e r c e n t a g e of the burrows e a c h c a t e g o r y 
r e p r e s e n t s i n the f i v e s i t e s i s shown as a h i s t o g r a m ( F i g . 6 ) . 
T h i s f i g u r e shows t h a t t h e p e r c e n t a g e o f t u n n e l s r e p r e s e n t e d by 
" n o n - r e s i d e n t i a l t u n n e l s y s t e m s " r e p r e s e n t e d a t l e a s t 5°$ o f the 
t o t a l . " R e s i d e n t i a l t u n n e l s y s t e m s " were absent from s i t e 111, 
perhaps due t o the h i g h d e n s i t y of b i l b e r r y r o o t s , and from s i t e I V 
where the ground i s o f t e n w a t e r l o g g e d . The o t h e r s i t e s had 
" r e s i d e n t i a l t u n n e l s y s t e m s " and were a l l w e l l d r a i n e d , w h i c h may 
be an important f a c t o r i f the chambers a r e to f u l f i l t h e i r 
therfi o - i n a u l a t o r y f u n c t i o n . I t may be seen frore Maps 1 and 5 t h a t 
t h e r e was a s l i g h t tendency i n the s i t e s f o r the t u n n e l s to r u n 
up and down the s l o p e r a t h e r t h a n a c r o s s i t . T h i s p a t t e r n o f 
c o n s t r u c t i o n would f a c i l i t a t e d r a i n a g e d u r i n g p e r i o d s of h i g h 
r a i n f a l l . 
The e f f e c t s o f w a t e r l o g g i n g and s o i l d i f f e r e n c e s 
on the c h a r a c t e r i s t i c s o f burrows - a comparison 
w i t h a p r e v i o u s s t u d y . 
The r e s u l t s h e r e o b t a i n e d a r e compared w i t h t h o s e o f Cleminson 
( p e r s o n a l communication), who i n v e s t i g a t e d the burrow systems i n 
two a r e a s o f 400 y d 2 i n C a s t l e Eden Dene, Durham, which h a s a 
h e a v i e r and w e t t e r c l a y t h a n H o u g h a l l Wood. 
The mean l e n g t h s o f l i t t e r r u n on the f i v e s i t e s i n H o u g h a l l 
Wood a r e p r e s e n t e d i n f i g u r e 7» From t h i s f i g u r e and the s o i l 
p r o f i l e s ( T a b l e s 3-7) i t c a n be see n t h a t a l t h o u g h s i t e 111 had 
the l e a s t l i t t e r , i t had the g r e a t e s t mean l e n g t h o f l i t t e r r u n 
p e r m 2 of a l l t h e s i t e s . T h i s may have been to compensate f o r t h e 
v e r y s h o r t t u n n e l l e n g t h w h i c h was thought t o be due to t h e h i g h 
d e n s i t y of b i l b e r r y r o o t s making t h e d i g g i n g of t u n n e l s d i f f i c u l t . 
The d a t a f r a u the o t h e r s i t e s s u g g e s t t h a t t h e r e a r e more l i t t e r 
r u n s where t h e r e i s a l o t of c o n s o l i d a t e d l i t t e r t h a n where t h e r e 
i s o n l y a l i t t l e . C l e m i nson r e v e a l e d l i t t l e i n the way o f l i t t e r 
runs. 
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T h i s c o u l d be ac c o u n t e d f o r by the s m a l l amount of i i t t e r 
p r e s e n t on one o f h i s a r e a s w h i c h was sycamore-asn woodland, 
but t h i s e x p l a n a t i o n would not a p p l y on h i s o t h e r a r e a w h i c h 
was l a r c h . 
C l e m i nson r e c o r d e d a t o t a l of 4,000 t u n n e l s p e r h e c t a r e 
w i t h i.iean l e n g t h 95 cm, as compared w i t h the f i g u r e o f 16,200 
t u n n e l s , mean l e n g t h 200 cu f , o b t a i n e d from s i t e J- o f t h i s s t u d y . 
E ven i n h i s a r e a where Cle t hrionomys was abundant, thez^e was 
f a r wore ground w h i c h had xio t u n n e l beneath i t t h a n was the 
c a s e i n s i t e s I and V i n t h i s s t u d y . I t i s s u g g e s t e d t h a t 
t h e d i f f e r e n c e s i n t u n n e l abundance and l e n g t h between the 
two l o c a t i o n s i s due to the h e a v i e r c l a y o f C a s t l e Eden Dene 
d i s c o u r a g i n g d i g g i n g by b o t h s p e c i e s . I n a d d i t i o n , trie t u n n e l s 
r e c o r d e d by Cletninson a r e much s h a l l o w e r t h a n was found i n t he 
p r e s e n t s t u d y i n H o u g h a l l b'ood; t h i s i s l i k e l y to be due t o 
wetnes s , water being p r e s e n t within- 20 cm of the s u r f a c e o v e r 
much of trie a r e a f o l l o w i n g heavy r a i n . i t appears a l s o t h a t 
wetness e x p l a i n s t h e s h a l l o w n a t u r e o f the t u n n e l s i n s i t e J..V 
( s e e t a b l e 13 J as compared w i t h the o t h e r s i t e s . T h i s s i t e 
was s i t u a t e d i n a trou g h d r a i n i n g h i g h e r ground w h i c h i n 
wet p e r i o d s has w a t e r c l o s e to the s u r f a c e . 
k8. 
SUMMARY 
F i v e s i t e s with, d i f f e r i n g p o p u l a t i o n l e v e l s of Apodemus 
and C l e t h r i o n o m y s were e x c a v a t e d i n H o u g h a l l Wood, Durham. 
The r e s u l t s were a n a l i s e d i n an attempt to d i s t i n g u i s h between 
the burrow systems o f the two s p e c i e s . 
The r e s u l t s p r o v i d e no c l e a r e v i d e n c e o f a d i s t i n c t i o n 
between burrows made o r o c c u p i e d by Apodemus and C l e t h r i o n o m y s . 
The d i s t r i b u t i o n of e n t r a n c e h o l e s on t h e s i t e s c o u l d n o t be 
e x p l a i n e d by the r e l a t i v e abundance of Apodemus arid C l e t h r i o n o m y s . 
and the Koluiogorov-Smirnov t e s t r e v e a l e d no b i a i o d a l i t y i n t h e 
s i z e d i s t r i b u t i o n ( t r a n s v e r s e - s e c t i o n a l a r e a s ) o f e n t r a n c e 
h o l e s or t u n n e l s w h i c h c o u l d be a c c o u n t e d f o r by a s p e c i e s 
d i f f e r e n c e . However, the r e s u l t s s u g g e s t e d t h a t C l e t h r i o n o m y s 
may d i g burrows t h a t a r e s h a l l o w e r t h a n t h o s e o f Apodeinus, 
and t h a t i n a r e a s where t h e C l e t h r i o n o m y s p o p u l a t i o n i s h i g h 
t h e e x t e n t o f t u n n e l s may be s u f f i c i e n t f o r c o n s i d e r a b l e 
movement underground. 
The g e n e r a l c h a r a c t e r i s t i c s of the rodent burrows e x c a v a t e d , 
w i t h no d i s t i n c t i o n p o s s i b l e between t h o s e dug or used by 
C l e t a r i o n o my s or Apodemus, a r e l i s t e d below: 
(1) The e n t r a n c e h o l e s and t u n n e l s were s l i g h t l y d o r s o -
v e n t r a l l y f l a t t e n e d , the a v e r a g e w i d t h : h e i g h t r a t i o 
f o r a l l the s i t e s b e i n g 1.1:1 and 1.2:1 r e s p e c t i v e l y . 
(2) The mean chamber d e p t h (9»6 cm) was g r e a t e r t h a n the 
mean t u n n e l depth i n the t h r e e s i t e s w i t h chambers 
(6.6 cm), t h u s g i v i n g added p r o t e c t i o n from the 
a b i o t i c environment. 
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(3) F a c t o r s o t h e r t h a n the abundance o f r o d e n t s t h a t 
a f f e c t e d mean l e n g t h of burrow p e r u n i t a r e a and 
u.eari t u n n e l depth, were the p r e s e n c e of s t a n d i n g 
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TABLE 24 
NUMBER OF HOLES IN EACH SQUARE METRE 
OF INDIVIDUAL S I T E S 
Number of 
ti l e m^ 
Number o f h o l e s ( x ) 
on s i t e 
p e r 
I 11 ! I l l I V V 
1 5 2 2 0 2 
2 3 1 3 2 4 
3 9 2 2 1 4 4 5 1 2 0 3 
5 4 1 2 1 5 
6 2 1 1 0 3 
7 2 2 1 4 4 
b 5 1 0 0 5 
9 5 0 1 3 2 
10 6 1 14 11 32 i i 7 1 1.55 1.22 3.56 
12 5 0 
13 9 1 14 b 1 
15 5 1 
16 7 0 
17 1 0 
18 2 1 
19 0 0 
20 1 0 
21 3 0 
22 5 0 
23 7 0 24 5 0 
25 6 1 







THE OBSERVED AND EXPECTED NUMBER OF METRE SQUARES 
WITH X HOLES ON S I T E I I I 
I— — — — - — — • 
No. of 
h o l e s i n 
each rji^ 
U ) 
Observed no. o f 
metre s q u a r e s 
w i t h x h o l e s 
E x p e c t e d no. 
of metre s q u a r e s 
w i t h x h o l e s 
0 1 1.9 1 3 3.0 
2 4 2.3 
3 1 1.2 0 0.5 
5 0 0.1 
6 0 0.04 
TABLE 26 
THE OBSERVED AND EXPECTED NUMBER OF METRE SQUARES 
WITH X HOLES ON S I T E I V 
No . of 
h o l e s i n 
! each m^ 
s ( x ) 
Observed no. o f 
metre s q u a r e s 
w i t h x h o l e s 
E x p e c t e d no. 
o f metre s q u a r e s 
w i t h x h o l e s 
° 4 2.7 2 3-2 
2 1 2.0 
3 1 0.8 
4 1 0.2 
5 0 0.1 
TABLE 27 
THE OBSERVED AND EXPECTED NUMBER OF METRE SQUARES 
WITH X HOLES ON S I T E V 
No. of 
h o l e s i n 
each wfi-
( x ) 
Observed no. of 
metre s q u a r e s 
w i t h x h o l e s 
E x p e c t e d no. 
of aietre s q u a r e s 
w i t h x h o l e s 
0 0 0.3 
1 0 0.9 2 2 1.6 
3 2 1.9 4 3 1.7 
5 2 1.2 
6 0 0.7 
7 0 0.4 
57. 
TABLE 28 
TRANSVERSE-SECTIONAL MEASUREMENTS OF 
ENTRANCES. AND PRESENCE OR ABSENCE OF MARKINGS 
ON TRACKING ROLLS I N INDIVIDUAL ENTRANCE HOLES 
SHOWN ON MAP 1 OF S I T E I 
1 
Hole 





Hei g h t 
y cm. 
T r a n s v e r s e -
s e c t i o n a l 
a r e a r 
T.S. cm 2 
Width 
h e i g h t 
z 
T r a c k i n g 
r o l l . 
(M=tnarked ) 
i 
! 1 2.9 2.3 5-2 1.26 M 2.5 2.3 4.5 1.09 M 
i ^ ! J 2.5 2.4 4.7 1.04 M 
; h 2.3 2.4 4.3 0.96 -• 5 2 . 4 2.3 4.3 1.04 -! 6 3.4 3.4 9-1 1.00 M 
! 7 <c. o 3.0 6.1 0.87 M 
i b 3-0 3.1 7-3 0.97 M 
9 3-4 3.2 8.6 1.06 -
! i o 2 . 4 2.5 4.7 0.96 M 
i i i 2.9 3-2 7-3 0.91 -
\ 12 2 . 8 2.4 5-3 1.17 M 
! 13 3 . 1 3-0 7-3 1.03 M 
14 2.9 3.0 6 . 8 0.97 M 
15 2.2 2.3 4.0 0.96 M 16 3 . 1 2.4 5-9 1.29 M 
17 2.6 2.5 5-1 1 . 0 4 M 
18 2.6 2.2 4.5 1 . 1 8 M 
19 2.4 2.3 4.3 1 . 0 4 -20 2.7 2.7 5-7 1.00 M 
21 2.8 2.7 5-9 1.04 M 22 2 . 6 2.7 5-5 0.96 M 
23 3-2 2.9 7.3 1.10 -24 2.4 2.4 4.5 1.00 -25 3 -1 3-2 7.8 0.97 M 
26 3 -1 3-0 7-3 I.03 M 
27 3-3 2.9 7-5 1.14 M 2b 2.6 2.4 4.9 l . o b M 
29 2.4 2.5 4.7 0.96 M 30 2.3 2.5 4.5 0 . 9 2 -
31 3 -1 2.6 6.3 1.19 -32 3-9 3.0 9.2 1.30 -
33 4 . 1 3-3 10.6 1 . 2 4 M 
34 3-3 2.9 7-5 1.14 -
35 2 • 5 2.4 4.7 1.04 — 
Coneiiiueu o v e r l e a f . . . . 
5 8 . 







H e i g h t 
y en; 
T r a n s v e r s e -
s e c t i o n a l 
a r e a 
T.S. cm 2 
Width 
n e i g h t 
z 
T r a c k i n g 
r o l l . 
(M=marked) 
-
36 3.4 3-1 8.3 1.10 M 
37 2.8 3-6 7-9 0.78 -
38 3-2 3.1 7.8 1.03 -
39 3-4 2.9 7-8 1.17 M 
40 2.7 2.6 5.5 1 . 0 4 -
41 3.1 2.8 6.8 l . l l -
42 2.7 2.7 5.7 1.00 M 
43 2.4 2.4 4.5 1.00 -44 3.8 4.0 12.0 0.95 -
45 4.0 3-0 9.4 1.33 -
46 4.9 4.5 17.3 1.09 M 
47 3.9 2.6 8.0 1.50 M 
48 4.0 3 -8 12.0 I.05 -
49 3.8 2.7 8.1 1 . 4 1 M 
50 4.3 5.1 17.2 0 . 8 4 -
51 3-4 3-5 9.4 0.97 M 
52 4.1 3-7 11.9 1.11 M 
53 4.0 4.3 13.5 0.93 -54 3-3 2.9 7.5 1 . 1 4 
55 3.2 3.0 7-5 I.07 
56 3-3 3.1 8.0 1.06 
57 2.9 2.2 5.0 1.32 
58 3.4 3-7 9.9 0.92 
59 3-2 2.8 7.0 1.14 60 3.3 3-3 8.6 1.00 61 3.0 2.9 6.8 1.03 
6 2 3.1 2.9 7.1 1.07 
63 3-0 3.1 7-3 0.97 
64 2.4 2.5 4.7 0.96 
65 3.1 2.9 7.1 1.07 66 3.4 2.8 7-5 1.21 
67 2.9 3.1 7-1 0.94 
68 3.2 2.9 7-3 1.10 
69 4.1 3-7 H.9 1.11 70 3.2 2.8 7.0 1 . 1 4 
71 3-5 4.0 11.0 0.88 
i 72 3.4 2.7 7.2 1.26 
73 4.3 3-9 13.2 1.10 74 2.9 2.3 5.2 1.26 
75 4.1 3-9 12.6 1 . 0 6 
76 3.5 | 3.0 8.3 1.17 
77 3-0 | 
i 
2.9 6.8 I.03 
C o n t i n u e d o v e r l e a f 
59. 
TABLE 28 ( C o n t . ) 
Hole T r a n s v e r s e -
numb e r Width Height s e c t i o n a l Width 
as on x cm y cm a r e a h e i g h t 
map 1 T.S. cm 2 z 
78 3 -7 3-7 10 . 8 1 .00 
79 3 - 0 2.9 6 . 8 1.03 
80 3 - 7 4 . 4 12 . 8 0 . 8 4 
81 3 -4 3 . 1 8 . 3 1.10 
82 2 . 7 2 . 5 5-3 1 . 0 8 
83 3 - 9 3 - 7 1 1 . 3 1.05 
84 3 . 0 2 . 8 6.6 1.07 
85 4 . 0 3 . 1 9 . 8 1.29 
86 2 . 8 2 . 4 5 . 3 1.17 
87 3.2 2 . 9 7-3 1.10 
88 3-5 3 -2 8 . 8 1.09 
89 3-3 2 . 9 7 -5 1 .14 90 3-4 2 . 8 7 - 5 1.21 
91 3-2 2.9 7-3 1.10 
92 2 . 8 3-1 6 . 8 0.90 
93 4 . 1 2.9 9 . 4 1 . 4 1 
9^ 3 -3 3-0 7 . 8 1.10 
95 4 . 1 3-9 12.6 1.05 
96 2 . 9 3-1 7-1 O.94 
97 3 -4 3.6 9.6 0.94 98 3 -4 3-1 8.3 1.10 
99 2 . 7 2.5 5-3 1 . 0 8 100 3 -2 2.9 7-3 1.10 101 3 -5 3.1 8 . 5 i.13 
102 3 - 4 2.7 7 . 2 1.26 103 3-3 3.1 8 . 0 1.06 
104 3 - 2 2.7 6 . 8 1.19 105 3.0 2 . 8 6.6 1.07 
106 2.4 2.6 4 . 9 O.92 107 3.1 2 . 9 7 . 1 1.07 
106 3 - 0 3 . 0 7 -1 1 . 0 0 109 2 . 9 2 .6 5 . 9 1.12 
110 4 . 4 3 -1 10.7 1 . 4 2 111 4 . 1 3 - 9 12.6 1.05 
112 3 - 5 3 -5 9.6 1 .00 
1 113 
i 
3-7 3.2 9.3 1.16 
C o n t i n u e d o v e r l e a f .... 










s e c t i o n a l 
area 




Ilk 3 .0 2 .9 6 .8 1.03 
115 3-2 3 .0 7.6 1.07 
116 k.l 3-2 10.3 1.28 
117 3.5 2 .6 7-7 1.25 











TRANSVERSE-SECTIONAL MEASUREMENTS OF 
ENTRANCE HOLES ON SITE I I 
Hole Transverse-
numb er Width Height s e c t i o n a l Width 
as on x cm y cm area height 
map 2 T.S. cm2 z 
1 2.6 2.6 5 .3 1.00 
2 3-4 2 .6 8.8 1.31 
3 3 .0 3-9 9 .2 0.77 
4 4 .5 3 .7 13.1 1.22 
5 4 .5 3-3 11 .7 1.36 6 2.6 1.9 3 .9 1.37 
7 2 .7 2 .3 4 .9 1.17 8 2 .9 2 .3 5 .2 1.26 
9 3-4 3 .2 8 . 6 1.06 
10 4 .0 2 .3 7.2 1.74 
11 2 .3 2.8 5.1 0. 82 
12 2.3 2 .2 4 .0 1.05 
13 2 .3 2 .0 3 .6 1.15 
14 2-3 2 .2 4 .0 1.05 
15 3-5 3 .1 8 . 5 1.13 
16 2.4 2 .2 4 .2 1.09 
17 2 .3 2 .2 4 .0 1.05 18 2 .5 2 .0 3-9 1.25 
T o t a l s 23-5 46.8 115 . 2 20.85 
N = 18 i = 3 .0 y=2.6 T.S.=6.4 2=1.16 
TABLE 30 
TRANSVERSE-SECTIONAL MEASUREMENTS OF 
ENTRANCE HOLES ON SITE I I I 
Hole Tr a n s v e r s e -
numb er Width Height s e c t i o n a l Width 
as on x cm y cm area height 
map 3 T.S. cm 2 z 
1 2.4 2 .5 4 .7 0.96 
2 2 .5 2 .9 5.7 0.96 
3 2.6 3 .0 6 .1 0.87 
4 3 .2 3 .0 7.6 I . 0 7 
5 2 .9 3 .5 8 .0 0.83 
6 3-9 2 .8 8.6 1.39 
7 2.6 2.6 5-3 1.00 
8 3-2 3-1 7.8 1.03 
9 2.4 2 .5 4 .7 0.96 
10 2 .7 2 .7 5-7 1.00 
11 3-1 2.6 6 .3 1.19 
12 3-1 2 .8 6 .8 1.11 
13 2.9 3-0 6 .8 0.97 
14 3 .0 2.6 6 .1 1.15 
T o t a l s : 4 0 . £ 39.6 90.2 14.39 
. N = 14 x=2.9 y=2.8 T.s.=6.4 z=1.03 
TABLE 31 
TRANSVERSE-SECTIONAL MEASUREMENTS OF 










s e c t i o n a l 
area 




1 3.0 2.6 6.1 1.15 
2 2 . 5 2 . 5 4.9 1.00 
3 2.6 2 . 5 5.1 1.04 4 2.7 2.8 5-9 0.96 
5 3.b 3.0 9-0 1.27 
6 3-2 3.1 7 . 8 1.03 
7 3.6 3.0 8.5 1.20 
8 2.S 2.7 5-9 1.04 
9 2.6 2 . 8 5.7 0.93 10 3.4 3 -5 9.4 0.97 11 2.7 2.6 5.5 1 .04 
T o t a l s : 
N= 11 32.9 x=3.0 
31.1 
y=2 .8 





CROSS-SECTIONAL MEASUREMENTS OF ENTRANCE HOLES 
ON SITE V 
Hole I — ' Transverse-
number Width Height s e c t i o n a l Width 
as on x cm y cm area height 
map 5 • T.S. cm 2 z 
1 2.8 2 .5 5 .5 1.12 
2 3.5 2.6 7.2 1.35 
3 2.8 2.8 6.2 1.00 
k 3-1 3-0 7.3 1.03 
5 3-4 2.9 7.8 1.17 
6 3.0 3-0 7.1 1.00 
7 2.9 2.5 5-7 1.16 8 2.9 2.4 5 .5 1.21 
9 3-0 3-1 7.3 0.97 10 3.2 3-3 8 . 3 0.97 11 2.6 2.5 5.1 1.0k 
12 3.3 2.9 7.5 1.14 
13 3-2 2.9 7.3 1.10 14 3.0 2.5 5.9 1.20 
15 3.1 3-3 8 . 0 0.94 
16 '4.1 4 .0 12.9 1.03 
17 3.3 3-7 9 .6 0.89 18 3.1 2.6 6 .3 1.19 
19 3-7 3 .0 8 . 7 1.23 20 3-3 2.8 7-3 1.18 21 2.9 3-2 7.3 0.91 
22 3-3 2.9 7-5 1.14 
23 2 . 5 2 .4 4 .7 1.0k 
24 2.k 2.4 4 .5 1.00 
25 2.5 2.4 4 .7 1.04 
26 3-1 2.9 7.1 I . 0 7 
27 4 .1 3.9 12 . 6 I . 0 5 28 3-2 2 .7 6.8 1.19 
29 2.6 2.6 5.3 1.00 
30 2.8 3-0 6.6 0.93 31 4.0 3-0 5-4 1.33 32 2.6 2 .7 5 .5 0.96 
T o t a l s : 92.4 _ 228 . 5 34.58 
N = 32 x=3.1 y=2.9 T.S.=7.1 z=1.08 
65. 
TABLE 33 
TRANSVERSE-SECTIONAL MEASUREMENTS OF 






s e c t i o n a l 
area 




3.6 3.6 10.2 1.00 
4.4 3 .0 10.4 1.47 
4 .4 3.8 13.1 1,16 
5 .0 4 .2 16.5 1.19 
4 .3 2 .9 9-8 1.48 
4 .3 3.6 12.2 1.19 
3-9 3-9 12 .0 1.00 
4 .2 3 .6 11 .9 1.17 
3 .5 2 .9 8 .0 1.21 
4 .3 4 . 1 13.9 1.05 
4 .7 4 .0 14 . 8 1.18 
3-5 2 .7 7-4 1.30 
3.6 3-2 9.1 1.13 
3 .9 3-3 10.1 1.18 
3-3 2 .2 5-7 1.50 
4 .0 3-2 10.1 1.25 
5.8 5.2 23 .7 1.12 
5-7 3 .4 15.2 1.68 
5-3 3-5 14.6 1.51 
2 .7 3-0 6 .4 0 .90 
4 .5 3-5 12.4 1.29 
3.4 3-5 9.4 0.97 
3-5 3 .4 9.4 I . 0 3 
4 .4 3-9 13.9 1.13 
4.1 3-2 10.3 1.28 
4.0 3 .4 10.7 1.18 
4.5 3 .6 12.7 1.25 
4.6 3.6 13 .0 1.28 
3.6 3.8 10.8 0.95 
4.1 4 .0 12.9 I . 0 3 
4 .4 3.8 13.1 1.16 
5.2 4 .1 16.8 1.27 
4.6 4 .2 15.2 1.10 
4.6 4 .6 16.6 1.00 
4 .9 3 .7 14.3 1.32 
3 .9 3-7 11.3 1.05 
3.4 4.0 10.7 0.85 
5.2 3.6 14.7 1 .44 
Cont inueu o v e r l e a f 
TABLE 33 (Cont.) 
width Height Transverse- Width 
x cm y cm s e c t i o n a l height 
area z 
T.S. cm 2 
4.6 3.6 13.0 1.28 
4.1 4.6 14.2 0.89 
k.* 4.0 14.1 1 .13 
3.6 3.0 8.5 1.20 
3 .8 3.0 9.0 1 .27 
5.5 3-9 16.9 1 .41 
3-2 3-7 9 .3 0.86 
3 .a 3.1 9 . 3 1 .23 5-0 2.5 9.8 2.00 5.0 4 . 3 16.9 1 .16 
5 . 7 U.3 19.3 1 .33 
^•7 5.2 19-2 0 .90 4.2 3.6 11.9 1 .17 
5.6 4.9 21.6 1.14 
3-8 2.6 7.8 1.46 
4.2 2.5 fc.3 1.68 
4 .9 3-0 11.6 I . 6 3 
4.5 3.0 10.6 1 .50 
245.0 201 . 7 694.6 68.5 
x=4.4 y=3.6 T.S.=12.4 2=1.22 
TABLE 34 
TRANSVERSE-SECTIONAL MEASUREMENTS OF 
TUNNELS ON SITE I I 
Transverse-
Width Height s e c t i o n a l Width 
x cm y cm area height 
T.S. crn2 z 
2.7 3-1 6.6 0.87 
3-1 3-1 7-6 1.00 
2 .7 3-1 6.6 0 .87 
3 .8 3-6 10.8 1.06 
4 .2 3.4 11.2 1.24 
3.3 3 .1 8 .0 1.06 
2.4 2 .9 5-5 O.83 
2.9 2 .7 6 .2 1.07 
5 .0 3-9 15-3 1.28 
4.2 3-7 12.2 1.14 
3 .5 2 .9 8 .0 1.21 
3.7 3 .1 9 .0 1.19 
2.6 2.9 5 .9 0 .90 
2 .3 2 .5 4 .5 0.92 
6 .3 4 .0 19 .8 1.58 
3.4 3 .4 9.1 1.00 
2.6 4 .0 8.2 0.65 
3-2 3 .4 8.6 0.94 
4 .5 5.2 18 . 4 0 .67 
3-4 3-1 8.3 1.10 
4 .5 2 .9 10.3 1.55 
2 .3 2 .3 4 .2 1.00 
5 .0 6.6 25 .9 0.76 
2 .8 2 .8 6 .2 1.00 
2 .2 1.9 3 .3 1.16 
2.9 2 .9 6.6 1.00 
2.6 2 .3 4 .7 1.13 
3 .8 2 .7 8.1 1.41 
4.4 2 .7 9 .3 1.63 
6 .3 3-4 16.8 1.85 
4 .7 4 .7 17.4 1.00 
5.0 3.6 14 . 1 1.39 
3.6 2 .8 7.9 1.29 
3.0 2.4 5-7 1.25 
5 .0 3-2 12.6 1.56 
3-5 2 .5 6 .9 1.40 
4.4 3-2 11.1 1.38 
C o n t i n u e d o v e r l e a f 






s e c t i o n a l 
area 




3-3 3 .0 7.fa i . 1 0 
4 .0 3 .1 9-7 1.29 
2 .7 2 .2 4 .7 1.23 
4 .9 4.6 17.7 1.07 
2 .6 2.6 5 .3 1.00 
3 .5 2 .5 6 .9 1.40 
3.6 3 .2 9.1 1.13 
3 .7 3-1 9 .0 1.19 
3 .4 2 .7 7.2 1.26 
3 .2 2 .5 6 .3 1.28 
170.'/ 
x=3.6 
L49 . 5 
y=3.2 
424.9 T.S.=9.0 54.49 • 2=1.16 • 
TABLE 35 
XRANSVERSE-SECTIONAL MEASUREMENTS OP 






s e c t i o n a l 
area 




3.2 3 .2 8 . 0 1.00 
3-3 2.8 7-3 1.18 
3.1 3-2 7.8 0.97 
3.3 2 .7 7.0 1.22 
2 .7 2 .5 5.3 1.08 
2.7 2 .9 6 .2 0.93 
2 .8 2 .5 5 .5 1.12 
2.6 2.6 5.3 1.00 
3 .4 3 .3 8.8 1.03 
3-2 2 .9 7.3 1.10 
3.6 2 .9 8 . 2 1.24 
2 .9 2 .5 5 .7 1.16 
2 .9 2 .7 6 .2 1.07 










TRANSVERSE-SECTIONAL MEASUREMENTS OF 
TUNNELS ON SITE IV 
t • -











2 .9 2.4 5-5 1.21 
3.4 3 .2 8 .6 1.06 
4.2 3 .8 12.5 1.11 
3 .9 3 .3 10.1 1.18 
3.6 2.5 7-1 1.44 
3.6 3.1 8.8 1.16 
4.1 3 .9 12.6 1.05 
4 .0 3.8 11.9 1.05 
4 .0 3 .0 9.4 1.33 
4 .2 3 .5 11.6 1.24 
4.9 4 .7 18 . 1 l.Ok 
3.2 3-4 8 .6 1.94 
3.4 3.4 9.1 1.00 
3.4 3 .0 8 . 0 1.13 
3.6 3 .2 9.1 1.13 
5.3 3-2 13-3 1.66 
3 .0 2.4 5-7 1.25 
2.6 2 .4 4 .9 1.08 
3-9 3 .5 10 .7 l . l l 
4.4 2 .9 10 .0 1.52 
75.6 
S=3-B 







TRANSVERSE-SECTIONAL MEASUREMENTS OF 








s e c t i o n a l 
area 




3 . 1 2.8 6.8 1.11 
3.2 3.1 7.8 1 .03 2.8 2.9 6.4 0.97 
3.5 2.7 l.k 1 .30 2.6 - 2.5 5.1 1.04 
4.2 3-5 11 .6 1.20 
; 3 .0 3 . 0 7.1 1.00 ! 4.2 4.5 14 . 9 0.93 
4 . 1 4.0 12.9 1.25 
4.3 3.5 11.8 1.23 
3.2 2.8 7.0 1.14 
3-4 3.1 8.3 1.10 
[ 3-6 3-7 10.5 0.97 
! 3 .1 2 . 6 6.3 1 .19 
3-2 3.1 7-8 I . 0 3 
4.5 4.0 14.1 1 .13 
4 . 9 3-9 15 .c 1 .26 
3-1 2.9 7-1 1.07 2.8 2 . 6 5.7 1.08 3.8 3 . 9 11 . 6 0.97 
3-7 3.4 9.9 1 .09 











TUNNEL WIDTH MEASUREMENTS AT JUNCTIONS* AND 
"INTERMEDIATE SECTIONS" 
SITE 1 1 SITE 11 SITE I I I SITE IV SITE V 
Width (cm) f Width (cm) Width (cm) Width (cm) Width (cm) 
J. N.J J, N.J J, N.J. J, N.J. J. N.J. 
3-3 3 .9 3 .2 3.6 3 .3 2 .7 5.2 5.6 2 .8 4 .2 
4 .0 3.6 3.4 3 .6 3.1 2.8 2 .8 4 .5 4 .2 3 .5 
3.6 4 .5 3 .7 2 .7 2 .9 2.6 4 .2 4 .9 4 .9 2.6 
3.4 4 .2 5 .0 2 .9 3-4 2 .9 4 .0 5.0 3.1 3.1 
3-5 5.6 3 .0 2.6 3.6 3 .2 4 .0 4.2. 2 .8 3 .2 
3-9 3 .6 3 .5 3.1 2^3. 3 .2 4 .9 2 .9 3 .8 3 . 0 
3-4 4.1 4.4 4 .5 3 .1 3 .2 3 .4 3 .7 4 .1 
5-2 5 .0 5 .0 4 .2 2^2 3.4 3 .9 4 .3 3 .2 
4.6 4 .3 4 .7 3 .8 3 .4 3 .6 3 .4 
4 .1 3 .9 6 .3 2 .3 5 .3 3 .6 3 .6 
3.6 5.3 4.4 2 .7 3 .0 4 .1 3-1 
3-8 4.1 3 .3 2 .7 2.6 4 .2 3 .2 
5 .8 4 .5 4 .0 3 .1 4.4 3.6 
5-7 3-5 3 .3 2.6 3_i£ 
4.2 2 .7 2 .7 2.6 
4 .3 3 .5 3 .2 2 .2 
5-5 4.1 3-2 2 ^ 
3-2 4.6 2.6 
3-8 4.6 6 .3 
3-8 3 .4 
4 .2 4 .9 
4 .5 2 .9 
4.4 5.0 
5.2 3 .7 
5-0 3 .5 
4 .5 4.2 




T o t a l s 130.8 79.6 110.7 51 .7 19.6 23.2 50.4 57-4 34.1 44 .7 
Means r 4 .4 4 .2 4 .0 3 .0 3 .3 2 .9 3 .9 4 .1 3-8 3.4 
Key: J. = Junction 
NJ = 'intermediate S e c t i o n 
